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PREFACEr 




The manufacture of enamelled ware is carried on, 
to greater extent in Germany and France than else- 
where. This treatise is from the pen of a German 
technologist of wide experience in enamel works, 
and who is now the chief chemist and director of 
large works in the French centre of the industry. 
The book deals more especially with the process of 
enamelling hollow-ware. It gives a description of the 
raw material used in enamelling ; it explains the 
action and the effect of each substance, and states 
the chemical combinations which take place. A 
number of mixtures are given for obtaining given 
effects or coliSurings. The process of enamelling is 
followed up in detail from the mixing, melting, and 
grinding of the ena|nel components ; the annealing 
and pickling of the sheets and castings ; the appli- 
cation of the enamel ; the burnings decorating, etc. 
It also compares utensils made of enamelled ware 
with similar ones made of nickel and aluminium. 

J'he book abounds in instructive matter which 
throws much light on the intricacies of a branch of 
jfdustry in which v«ry few people are posted, and 
it is hoped that this En^ish edition will be found 
of great service. 

Octobrr 1^09. 

KepHnted Match ir>i7. 
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THE THEORY AND PRACTICE OF 

ENAMELLING ON IRON- 
AND STEEL. 


CHAPTER I. 

INTRODUCTION. 

Enam FLUNG, which w^as for too long regarded as an 
insignificant though interesting industry, has, com- 
mensurate with its extraordinary growth during the 
last ten to #tcen years, become of considerably 
increased interest and importance. An industry of 
which the total output in Germany alone is estimated 
at about 000,000 annually, and which directly 
employs 20,000 workers in that country and frofn 
12,000 to 14,000 in Austria-Hungary, has established 
its title to economic existence. • 

Its growth dates from the time when the empirical 
wort:er in the factory was displaced by the scientific- 
ally trained technologist, who, investigating methods 
hitherto ^alously guarded* developed them ; and our 
industJ^ has this in common with most others of 
importance, that while earlier Ecneratiens of workers 
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sought from an empiiical standpoint to remove svich 
defects as made themselves manifest, it is their 
successors, the trained men, who have succeeded in 
divinihg the cause of the faults and so removing 
them, and who, in addition, arc able by a study die 
the chemical and physical properties of enameis to 
select the most suitable raw materials and use them 
to the best advantage. 

In this manner the industry has not only been 
able to keep pace with the constantly ad /ancinc.r price 
of raw materials, such as felspar, tin, tin oxide, cobalt 
oxide, coal, sheet metal, and also wages, but by 
simplification of production and improved methods 
has won its way into popular favour and increased 
general use. 

For the progress attained, however, it is not only 
the up-to-date worker that has to be thanked, but 
the fortunate circumstance that manufacturers have 
everywhere been found ready tf) encourage every 
advance, even by costly and often fruitless outlay. 
These men, with their untiring activity, have been a 
source of inspiration to their juniors ; and the latter, 
with sound thj^oretical knowledge and high ideals 
and aspirations, applied themseh'es *to this new 
calling which had lain so long outside the beaten 
track of technical activity. 

Trying work, many cares, and frecjuent reverses 
awaited their efforts ; but so ^much the greater ^las 
the sense of satisfaction^ when a new ad^^ance was 
chronicled, renewing the vitality of the ir«dustry, 
and indicating fresh channels for its development. 
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Owing to ,the exceptional rikture of the enamel 
iniiustry, its literary treatment has been but meagre 
in character, the existing literature being hitherto 
of very inferior quality, since it is either entirely 
» Obsolete, or at the most only up to the standard of 
the ftninitiated. It is true that a few actual treatises 
for the worker are in existence,^ but in general one 
thinks of literature dealing with enamels as consist- 
ing more or less of disguised enamel formulte. This 
degraded materialism on the part of the mnjority of 
experts may keep many a searcher after manufactur- 
ing recipes from the .existing publications. It must 
be stated, moreover, that the publication of formulae 
not only frequently entails a breach of confidence, 
but may also lie absurd and misleading. 

It is hardly necessary to state that one and the 
same formula is not suitable for all work, and that 
the chemical composition of the materials employed, 
of the sheet metal, the kind o^ fuel, the muffle and 
smelting furnaces, and the methods adopted in the 
enamel works themselves, have a definite influence 
on the composition of an enamel formula. The 
true expert will easily be able, after ji* short time, to 
prepare on demand the most suitable enamel possible 
for a given work. The difl'crence between the 
forniulS? often lies in quite small but nevertheless 
inijxirtant deviations, since in essentials the nature 
of* the formulae is the same everywhere ; for the 

I make an exeeption in the case of the interesting 

economical stu<ly of Dr H. VVuppi rinann, on The Industry oj 
Enamelled Hardivarc in Germany. 
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enamels are chemical compounds, which are only 
capable of variation between certain narrow limits. 
Again^ value and knowledge are not to be gained 
from the formula-book, but from experience and 
intelligence. ^ 

Finally, the technologist’s experience of* the 
process is not his exclusive property, for though 
he may in the main thank his own intelligence, yet 
almost always* his knowledge has been acquired at 
the owner’s expense. 



CHAPTER II. 

THE RAW MATERIALS. 

Felspar. — This important material is obtained 
almost exclusively at tlic present time from Norway. 
The felspar may often safely be replaced by an 
indigenous mineral such as one finds in Bohemia, 
where it occurs in sufficient quantity and purity. A 
good felspar should be colourless, or at the most 
appear faintly yellow [Mosscrjehpnr) or maroon, and 
should possess the following composition as nearly 
as possible 

Siliceous earth . , . 65*0 per cent. 

Alumina . . , i8*o „ 

Alkalies , . . .16-5 „ 

The purer th® felspar and the less it fs contaminated 

by iron oxide, etc., the whiter will be the enamel. 

The^ table on page 6 shows the composition of 
the felspars according to the locality where found. 

/ls regards its use, the felspar should be obtained 
in lump onlv, as opposed, lip the increasing employ- 
ment powdered spar, for in this way only has one 
the certainty of always buying the same product, 
tree from admixture with cheap quartz, etc. An 
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analysis made at the time of purchase is well 
worth doing, but the expert knows the* nature 
and v^alue of the felspar by merely looking at a 
specimen. 

Two felspars, rrtoreover, possessing the pme 
, chemical composition, may have a different influ- 
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ence upon the enamels prepared frong them, accord- 
ing to the mines ffom which they are obtained. 
The cause of this phenomenon may depend on 
molecular conditions, but as yet has not been 
investigated. 

The expensive and now obsolete process of making 
the felspar red-hot, and then disintegrating it before 
grinding is superfluous. Great care must, h(,-^wever, 
be taken thaf the felspar is not contaminated by 
earthy matters, coal, etc., such as may be gathe|ed 
froHi the ship and truck.. In such cases the frag- 
ments of felspar may be sieved and washed? ^ 

The smaller pieces are ground apart for use in 

the preparation of grouml or of blue enamels. 

£ • 
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'Quartz. — An important and usually • un- 
ad ultemted product which may safely be purchased 
in a powdered condition. 

i In many places the quartz has been replaced with 
advantage by beautiful whitfc river-sand, bodies 
which chemically arc silica, or, in other words, pure, 
quartz. The best substitution, however, is made 
where enamels are prepared from river-sand, not 
from quartz. 

Concerning the origin of the use \A felspars, 
quartz, and especially clay little is known. 

Fluorspar. — Only the best and purest qualities 
of fluorspar or calcium fluoride may be employed, 
especially foi white enamels. The difference in 
price between the various qualities is not material, 
in view^ of the relatively small amounts of fluorspar 
consumed. Great care must be exercised in taking 
the correct quantities, since excess of lime is always 
detrimental ; while for grourifti-enamcls fluorspar is 
avoided as far as possible. 

Borax. — This compound has the advantage of 
being less complex, more agreeable, and more certain 
in its action ihan a mixture of borit acid and soda. 
Borax crystallising in the monoclinic system with ten 
molcciiles water of crystallisation (Na2B407+ loHgO) 
mu?t be distinguished from that crystallising in the 
regular system and containing only five molecules 
of water. 

We^are only concerned w'ith the former substance, 
which melts at a red heat with a loss of 47 per 
cent, of its water of crystallisation, and dissolves 
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easiljr in hot water (200 parts of borax in 100 parts 
water). Specific gravity = 1*69, 

Bora^ must not be stored in a position exposed 
to the air, as it attracts moisture, alters in weighty 
and so causes an error in admixture. For the 
.same reason the moisture content of a borax con- 
signment is determined at the time of its arrival, 
in order eventually to obtain compensation from 
the consignor. ’ Up to as much as 6 per cent, of 
moisture may be fixed during transit, and the effect 
of this in a large enamel works needs no further 
discussion. 

Borax is imported in the form of very fine powtlcr. 
In those works which manufacture their own borax, 
it is carefully dried by being left a sufficient time 
in the centrifugal machine, and then ground as fine 
as grain. The finer the powdereil borax is, the 
more intimate will be the mixture wil^h the remain- 
ing enamel constituents, and in consequence the 
more uniform and beautiful the enamel. Generally 
speaking, the preparation of one’s own borax is 
intdvisable, since various disturbing factors may 
arise ; but, in 'addition, the manufacture of too 
many separate products for home consumption is 
not economical. Here the law governing division 
of labour consequent on specialisation holds gdod, 
and those chemical tirms which arc engaged mofe 
or less exclusively in the ♦r^aniifacturc of borax, the 
production of metallic oxides, colours, etc^, will 
always be more capable of taking up work or of 
entering into competition. 
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Boric Acid« — In places wliere boric acid is jixsed, 
the chemically prepared pure substance, which never 
changes in character, is preferred to the disQploured 
^Tuscan variety. * 

Soda and Potash, — These bodies give the 
enamel a bright lustre, but excess must be carefully 
guarded against. Soda is to be preferred to the 
more expensive potash (potassium carbonate), since 
the action Is identical. The term ^)da is used for 
the body corresponding to the chemijal formula 
]NaoCO.^+ toH.>0, but in practice only calcined 
soda is employed, Ixiing anhydrous sodium carbonate 
in powdered form. 

This calcined soda, containing 41 per cent, carbonic 
acid and 59 per cent, sodium oxide, is stored in a 
dry place, since it is highly deliquescent and liable 
to form lumps. As in the case of borax, so with 
soda ; only ^ very finely powdered condition is 
employed. 

Saltpetre.— Sodium-saltpetre (NaN03)ischeaper 

than the potassium salt (KNOj) and act? in identi- 
cally the same manner. It is added in quite snjall 
quantities tq the enamel mixture, •and its primary 
function is to decolourise. To blue enamel very 
little saltpetre is added, or, even better, none at all. 
After common salt, the most hygroscopic body is 
sjltpctrc, and this is stored ih boxes lined with 
tin-plate and capable of ^leing made air-tight. 

Cr^dlite. — Both natural and artificial cryolite 
are jirocured and employed for this industry. 
Recently many sodium silico-fluorfdes have been 
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used,, these being obtained for the most part fis 
by-products in the manufacture of artificial miviures, 
etc. I4 the above, the removable hydro-fluor-silicic 
acid is taken up by water, and the sodium silico- 
fluoride precipitated • from this solution by the 
addition of soda. Many works use common *salt 
for the same purpose. Before using such a sodium 
silico-fluoride, a warning must be given that sodium 
chloride is always present, and a sodium silico-fluoride 
prepared through the agency of common salt is 
recognised by its poor colour and disagreeable odour. 
A simple analysis such as the* following quickly 
shows the presence of chlorine. A sample of the 
body in question is boiled with distdled water, 
filtered, the filtrate acidified with a little chemically 
pure nitric acid, and a few drops of lunar caustic 
or silver nitrate solution added, whereby a chloride 
will separate out as a white, curdy precipitate. A 
faint white turbidity •indicates nothing. A con- 
venient quantitative method for estimating S(xlium 
silico-fluoride is as follows : — A weighed amount is 
tal^en, dissolved in hot water, and the solution 
titrated with iN* (twice norm.d) caustic^ soda, using 
phenolphthnlein as indicator. The calculation of 
the amount of pure sodium silico-fluoritle present 
is given by the following equation : — 

Na,S;Fe + 4NaOH - 6NaF + SiC), -f 2TTO. 

Commercial sodium silico-fluoride contain?> ^0-95 
per cent., and has been employed with much success, 
partly displacing the natural cryolite, although for 
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Acre expensive wares, and in the case of blue e*iamel, 
the natural cryolite is preferable. 

The so-called artificial cryolite which»is used 
possesses a variable composition, depending on the 
vendor and on the price. Tire more inexpensive it 
is, the more quartz or silica it will contain, so that 
here good quality and cheapness do not go together. 

One sample of an artificial cryolite had the follow- 
ing composition : — 

(1) 95 per cent, sodium-aluminjum fluoride 

(6NaF + Aldg. 

5 „ sillL.l. 

h’or in.inuiacluring juirposes this quality is most 
suitable, and almost entire!-/ correspoiuis to natural 
cryolite. The ratio of A! d^j : Nah — 40 : 6o, Le. 
normal. 

Another sample was made up as follows ; — 

(2) 80 iKn* cent, sodiiuu- aluminium fluoride. 

20 „ valueless quartz. 

Naturally this was less expensive. 

Finally, a still further interesting composition dvas 
exhibited by another variety : — 

(3) ^ ^ (aluminium fluoride). 

50 „ NaF (sodium fluoride). 

32 „ SICX (silica or quartz). 

A fourth coritalns : — 

• 

(4^ 26 per cent. Alolv 

• 40 „ N-'K. 

32 „ SiO. 
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Fro];n the above examples we learn possible varia* 
tions^and causes of failure in enamel preparation. 
It woulc[ not be correct, however, to deny every 
advantage to artificial cryolite, for when the com- 
position is similar to No. i above, then the natural 
cryolite may be safely replaced, if the difference m 
price allows. When making a purchase there must 
be a guarantee as to the composition of the product, 
and frequently an analysis is desirable. 

It is obvious what an injurious effccc a cryolite 
substitute containing 32 per cent, quart/ must 
have in tlic preparation of enamels by an unsuspect- 
ing manufacturer who, unwittingly increasing the 
silica content of his enamels, obtains an insufficiently 
opaque product. 

Natural cryolite occurs as a beautiful mineral in 
masses having a milky-white appearance ; it is greasy 
to the touch, its specific gravity varies ^from 8*5 to 
8*9, and its degree of hiirdncss is 3, Cryolite may 
readily be scratched by the finger, crystallises in the 
monoclinic system, and is easily fusible. 

The warning uttered in the case of felspar is 
still more necessary for natural cryoh\e, for it is 
always purchased in lumps and never as powder, 
Befo‘'C use, the cryolite is carefully ground under 
personal supervision and mixed in a very finu^y 
powdered condition. * Cryolite and its artificial sub- 
stitutes act as fluxes, yet at the- same time produce 
a more opaque enamel. In the preparation of 
wliitc enamel the amount .used njust not exceed 
15 per cent. 
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Aintnoniuiti Ca.l*boiia.le# — Many firms^ when 
mixirjg their white enamels, add 3 to 4 per cent, of 
ammonium carbonate. Opinion as to the ^ value of 
this varies enormously. On the one hand’ the fact 
is put forward that ammonium carbonate volatilises 
on heating, and therefore its addition is pure waste, 
especially as the product is somewhat expensive. 
This is perfectly correct, with, however, certain 
reservations. On the other hand, if has been firmly 
established that the addition of ammoninm carbonate 
to the enamel mixture has a favourable influence, 
since the action of. the ammonium carbonate may be 
observed. The enamel is more uniform, and the so- 
called cracking (^Rrifzai) on firing is avoided. It is 
true that this actual result of experience still requires 
an explanation, for more than fifty years ago 
Moritz Vogelsang confirmed the observation in his 
interesting Ijttic work on The An of enamelling 
Iron {Die FJscnewaillicrkunsty and put forward tlu 
following explanation of the data obtained. He 
writes: “In all probability the effect of the 
ammonium carbonate may only be explained^ by 
cohesion, vjhich force operates umil the particular 
moment is attained at which the cracking {Reifzen) 
of the enamel ceases.” 

«1 gladly utilise the opportunity, • as I now write 
jbout M. Vogelsang, to express half a century later 
my highest appreciation his work — an appreciation 
which lightly due to the man who nearly sixty 
years ago pul forward, in his now^ antique little 
book, ideas and opinions which appear to me to be 
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as fulj of valuable infdrmation as all the later and 
more recent publications. Vogelsang was th^ first 
writer who, from a scientific standpoint, gave us in 
a neat and concise form knowledge of the enamels 
and their raw materials. 

Stannic Oxide. — This is an absolute neccssfty. 
Continual experiments, made with the object of 
replacing it by less expensive products, have without 
exception always resulted in a return to the original. 
At the present time it is almost exclusively aJ ’ed at 
the mill. 

The ordinary method of preparation is by the 
gradual surface oxidation of perfectly pure ti/i in the 
blast furnace. lOO kilos, of tin yield 124 126 kilos, 
tin oxide. 

Often small black specks are found in the enamel 
after covering and baking, which spoil the general 
appearance of the wares. These may be tr.iced to 
dust, magnesia, etc., buj in general they are causetl 
by small specks of non-oxidised metallic tin, which 
may easily be present in imperfectly prepared stannic 
oxide. As soon as these imperfections are noticed 
the following invwt^stigation should be con^ducted : — 

One kilo, stannic oxide is washed with water, or, 
more fully described*, it is made into a paste and 
water allowed to run into It, accom])aiiied b); a 
vigorous stirring, periodically varied by being 
allowed to settle for about 10 seconds. The stannic 
oxide is carried away by tAe‘ water, and the ^process 
of washing is cont'nued, always more cauti&usly, 
until the decanted water appears clear. At the 
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bottom of the vessel a grey^ granular residue of 
metallic tin is left, which, being specifically heavier 
than the oxide, settles more quickly during the 
washing. This residue is collected, dricy, and 
weighed, and the vendor whp supplied it made 
answerable for the discrepancy. In many samples 
of stannic oxide the presence of up to 20 grammes of 
metallic tin per kilo, may be proved, 2 per cent. 

During the manufacture of stannk oxide it may 
happen that particles of tin arc only oxidi-^d super-* 
ficially, and insjcle may still be a nucleus of tin. In 
consequence of this the stannic oxide, where 
manufactured, is continually sieved and heated to 
redness in a ^>pecial oven. 

Different pr<')ducts, appearing on the market 
umier diverse names, have been proposed as partial 
substitutes for the expensive stannic oxide, but a 
genuine success in this direction has yet to be 
recorded. T\% tlegrce of opacity given by bone- 
ash or calcium phosphate is inadiequate, while such 
a large amount of tiiese substitutes must be added 
that the enamel is rendered absolutely useless. 
These facts caused me to try the ijntimony oxi3e 
derivatives, sbeh as white antimony oxide, leukonin 
(potassium metantimoniate), etc.,*etc. The possibility 
of j')it)ducing opacity by the aboye products is 
beyond question, yet we are met by the fact that 
their availability lor use as an addition to the grind- 
ing is vegy irstricted. If •more than 4-5 per cent, 
be ackk'd to the mixture, the enamel will have its 
covering power diminished, and al«o be uneven 
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and^ slimy. Still, h6wever, antimony is the best 
partial substitute for replacing tin oxide. 

As one is aware, the use of antimony and lead 
compounds in the preparation of enamels is for- 
bidden in many countries, and this is the case in * 
Germany and Austria-Hungary (the particular 
countries in which enamelled culinary utensils are 
manufactured). In the first place we have to bow 
before the authority of the law and avoid such 
compounds, while in the second place we '’re not 
able to take an independent position on the question 
of the use of antimony preparations as complete or 
partial substitutes for stannic oxide. And on this 
latter point we are involuntarily driven to the 
following train of thought : — The price oi tin, as 
also of stannic oxide, is rising in alarming fashion, 
apart from the momentary uncstahlished speculatiM 
tendency, and stannic oxide has an important role 
in the expenditure of^an enamel works. The price 
of raw material is increasing, wages are rising, and 
the selling price of enamelled goods is falling, or at 
the best of times remaining stationary. 

Why is the ust of products forbiddeyi which give 
a somewhat better chance to the manufacturer of 
making headway against adverse market conditions, 
when civilised countries of the first rankj s'uqh as 
England, France, -Belgium, America, etc, — models 
with regard to hygiene and other similar subjects — 
^Uow the use of antimony compounds ? 

' A really correct explanation would be diWcult to 
give. It is «aid that antimony compounds are 
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poisonous ; yet, granted that this may be the case, 
it is only true for soluble antimony compounds, 
and even then very large quantities are necessary 
in order to constitute a real danger to health* For 
•example, an enamel contains 10. per cent, oxide of 
antinfony, and a medium-sized cooking-pot of 
5 litres content is enamelled inside with this enamel. 
For enamelling the interior of such a vessel about 
100 grammes, say 120 grammes, of •white enamel 
are necessary, and this wouLl therefore contain 12 
grammes antimony oxiile. Now^, antimony oxide is 
insoluble in water ^uid very sparingly soluble in 
acids. Analyses have proved that on boiling for 
half an hour with 4 per cent, acetic acid no antimony 
has been dissolved, and even in particular cases 
where solution has taken place the amount dissolved 
was intinitesimal. Moreover, the antimony oxide 
in the enamel forms an insoluble compound with 
the Silicates present. 

Again, no mention has been made of any injuri- 
ous action. In hVance, Belgium, etc., no single 
instance can be found, even of a case of very slight 
}>oisoning. 

The danger due to antimony oxide in enamels 
is a lable as far as practice is concerned, like the 
1 am 0^1 s* or infamous, romance of a French apothe- 
cary, who ascribed appendicitis (inflammation of the 
appendix) to the action of enamel splinters. 

It matters u( t to us, who may enjoy, wnth a calm 
conscleifce, tood which has been prepared in cooking- 
utensils coated with enamel containing antimony. 

2 
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ThCj fact that tin is becoming more and more scii<:*ce, 
and therefore more expensive, shows the need for 
a modification of the legislation by which antimony 
preparations are prohibited. Whether, indeed, much 
would be gained in, the event of tin oxide being, 
completely replaced by antimony compotmds, 
remains to be seen. At present the enamel industry 
is one of the principal consumers of tin, and so 
soon as the demand lor tin quite ceases the price 
must fall ; while on the other h.and that of aet.ruony 
will materially rise, so that in sucli a case prudence 
and caution will be necessary. 

Lead Oxide - Compounds. — Nt)twithstand 
ing its valuable }n-operty as a fiux, this is absolutely 
valueless in the form oi calx (a mi vture of tin and 
lead calcined) for producing opacity, on account of 
being detrimental to health. Our potters, by their 
wanton use of lead-glaze, have for generations 
caused mischief enoqgh. 

The gradual but successful supplanting of lead- 
glazed earthenware by the absolutely luiinjurious, 
inexpensive, and more durable enamelled ware's 
must, from the standpoint of hygienic economy, 
be regarded as an important advance. Here the 
objection could be raised against any restriction 
being made to the use of the beautiful, inexpensive 
leaci-glaze for certain enamelled wares which are not 
concerned v/ith the kitchen, such as sanitary articles, 
baths, door-plates, etc. 

Theoretically, nothing could be said agtTinst it ; 
but in pracKcc, where in the same enamel works • 



The Raw Materials. 


19 


kitdien utensils and door-plates are made, the Jline 
of distinction between the dilFcrcnt enamel prepara- 
tions (those free from lead or those containing it) 
is not sharply drawn. An enamel containing lead, 
which at the outset may apjx'ar as beautiful as 
the rest, is unstable when exposed to weather, 
and at the present time it may safely be asserted 
that in no enamel works arc lead preparations 
employed. 

A simple experiment may be performed for the 
identification of traces of leaii in aji enamel. 

A place on the ciiamelled ohject is spotted with 
a few drops of chemically pure nitric acid, and 
heated over a ^ame until the nitric acid is driven 
off, then moistened with distilled water and a 
few drops of a 10 per cent, solution of potassium 
iodide added. Traces of lead present cause an 
intense yellow ^discoloration, owing to the forma- 
tion of lead iodide, which njust be insoluble in 
ammonia. 

While reviewing the bodies which produce opacity, 
our attention is involuntarily drawn to the well- 
known property which titanium oxuk' possesses of 
causing intense opacity in enamels. The initial 
product is rutile, a brown-coloured mineral, consist- 
ing qi about 94 per cent, titanic acid and 6 per cent, 
iro^i oxid'-. 'fhe use of rutile for causing opaqueness 
only meets with strictly limited success, in the form 
of a niaxiifiur.i addition ot i per cent, to the mixture, 
for the Tron oxide present ^'xcludes all further use. 
For years a method has been sought* of preparing 
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chemically pure titanic acid from rutile, but the first 
products which appeared on the market years ago 
always possessed a faint yellowish-green colour and 
were expensive in addition, i kilo, of pure titanic 
acid costing as much as 15 marks (15s.). Many 
years back the firm of Wuppermann took out a 
patent for decolourising the enamels containing 
titanic acid ; but the question remained a purely 
academic one, ^since it was not found possible to pre- 
pare inexpensively pure white titanic acid. Dr C. 
Dreper^ a few years ago took out a patent in 
Freiberg. He prepared titanic acid by treating 
rutile with dilute sulphuric acid anti sodium bisul- 
phatc, and then submitting the filtered solution to 
electrolysis. He placed the kathode in the filtered 
solution, and the anode in acidulated water, the 
liquids being separated by a porous cell, while the 
electrodes were of lead. A period o[ inactivity now 
took place until recen^^ly, when a method was patented 
by the chemical firm of Gcistrow in Mecklenburg,! 
entitled ‘‘A process for the preparation of white 
qpaque enamel and white opaejue glass by the use 
oi titanic aci« as opacity-producing, agent.” The 
titanic acid prepared by this firm is pure white, and 
is moreover inexpensive, so that one can look forward 
to experimenting and gaining experience with it. 
The above firm ha^ also introduced the barium jsalt 
of titanic acid to the tittle, and this appears to be 
Cull of promise. This titanic acid may* be added 

* D. R.-P. Ni. I5_»,257, Kl. 122. 

D. R.-l\ C. 15,24s, Rl. 
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wifli advantage, up to lo per cent., to an en^imel 
during.the grinding, and the enamel should be pre- 
pared as far as possible without saltpetre, byt with 
^he addition of lo grms. of cobalt oxide to the 
mixture. Cases will arise in an enamel works re- 
quiring the closest attention for this material in 
order to discover the most suitable mode of employ- 
ment. Titanium oxitie appears to impart to the 
enamel favourable physical propertied. An investi- 
gation should be made with the above to bud out if 
the question of producing a lighter, more opaque 
ground-enamel is ca<[xihle of a better solution, since 
the disturbing properties of tin oxide make these 
characteristics .jU possible. 

Cobalt Oxide. — This is one of the most ancient 
and precious of the ceramic colouring oxides. The 
intensity of the blue tint depends on the quantity 
present, and gn the chemical composition of the 
respective cobalt oxides. • 

In the preparation of blue enamels more than 
I per cent, is seldon employed. C.)ij the market the 
following tyjies are discriminated according to price 
and chemical .composition : — 

b'HKO. The purest cobaltic 'oxide — Co^Oo con- 
taining 71 per cent. Co. 

FKO. Pure cobaltie oxide ;= Co-^Og containing 
60-65 per cent. Co. 

RK@. Blick cobalto-cobaltic oxide = COg04 con- 
taining 73 per cent. Co. 

GKO. Dark grey cobaltous oxidft= CoO. 
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XOH. Basic hyciratcd cobaltic sesqui-carbonate 
= Co503(C03)o 4 * 4H5,0 contaioing 45 
r per cent. Co. 

PKC). Red cobaltic phosphate == Co 4, 
8H0O' containing 34 per cent. Co. 
1 ^ 0 . Cobaltous oxide (protoxide) = CoO con- 
taining 59 per cent. Co. 

AKO. Cobaltic arsenate = Co(As04). 4- Slid) 
containing 30 per cent. Co. 

The value of the cobalt oxide depends upon the 
percentage content of metallic cobalt. 

In order to make the best use of cobalt oxide for 
the manufacture uf deep-blue enamels, a most inti- 
mate and continual mixing of the raw materials is 
necessary, so that the cobalt oxide is actually dis- 
tributed as finely as possible throughout the enamel. 

The most important of the pioneering countries 
engaged in the produc.tion of this valuable oxide are 
England and Germany. 

Cobalt oxide possesses valuable physical charac- 
teristics which especially make it suitable for the 
preparation of ground-enamels, for thyse derive the 
property that their coefficients of expansion are as 
near as possible the same as sheet iron. The 
modern enamol firms, seeking to replace expersive 
materials by cheaper ones having the same influence, 
have replaced cobalt o^dde wdth success in the 
ground-ei amels by the much less expensive nickel 
oxide. The price-ratio of the two oxides is about 
as 10 : r2. • 
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*At this point r short thcorefical diversion mjy be 
allowed to establish thoroughly by what quantities 
the cobalt oxide must be replaced by nickc^ oxide 
iin a ground-enamel, so that the physical properties 
of the same may remain unaltered. 

According to the law of P. Joubin, the product of 
the sj^ecific heat multiplied by the specific gravity of 
a body is proportional to the product of the modulus 
of elasticity and the coefficient of Knear expansion 
of the specific heat the quantity of heat, expressed 
in calories, which is necessary to raise a mass of 
I kilo, through 1 C. 

Further, the product atomic heat multiplied by 

... . , /atomic volumeX 

.pecinc heat ot unit volume x ^ - J = 

. , (specific lieat of unit volume)! 

vlcltmg point X ^ ‘ -- M. 

d'iie spec ifif heat ^ o* 1 7 g7 for iron. 

h'ur cohalt at 900’ C. the s['e.'ific heat is : 

Sm - O' 1444. 

Fo! nicke] at 900 C : 

Sm = 0*1370.7. 

TUa-etore, in order to raise 1 grm. of cobalt through 
^ C., O' 1444 calv)ries are required; while to raise 
1 grm. of nickel through ^he ^ ame range of tempera- 
ture 1*370 7 calorics are needed. 

XVc*lier states that the reejuisite amount of heat 
neccs^ai-y to raise a body irom zcwj to its melting 



24 


Enamelling on Iron and Steel. 


poii^t (reckoned for the atomic weight) is inversely 
proportional to its coefficient of cubical expansion, 
and tf)erefore the coefficient of cubical expansion 

for cobalt™ ^ =6*92, while lor nickel it i5 

0*1444 . ^ ’ 

I 

= 7*29. 

0*13707 

hroni the ratio of the coefficient of cubical 
expansion of nrckel to that of cobalt we have : 

0*1444 : 0*13707-^:- 1*052 gnns. 

7*29 : ('>•92 = A’ : 1 
7*29 

. . x = ’ -- roc \ fjrms. 

6*92 

Concerning expansion, then, ro^^jgrms. nickel will 
correspond for all practical purposes tc. i grin, of 
cobalt, or lOO grms. cobalt oxide may be replaced by 
106 grms. nickel oxide in the ))reparatipn of a ground- 
enamel. 

Limonite. — This in the pure state is manganese 
peroxide (MnO.), but as a mineral it is known as 
pj^rolusite. It is employed for decolourising white 
enamels which i:re discoloured. By th^t addition of 
larger quantities beautiiul dark violet enamels are 
obtained, while iron oxide together with limonite 
produces lovely brown to black results. The 
limonite reacts by -giving off oxygen, i.c, it is an 
ordinary oxidising agent. , 

Only the purest and best market samples fire used, 
since the difference in price is trifling compared with 
the greatly enhanced results. 
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*Whcn fused in small quantities with the gre^und- 
cnamcl it works very favourably, and in like 
manner it is added to molten blue enamels in ^rder to 
^save cobalt oxide, for, as the cobalt content diminishes 
and the manganese addition is increased, the blue 
enamel takes a bluish-violet to reddish-blue glisten- 
ing colour. 

Ferric Oxide. — This is pr(*pared by heating to 
redness protosulphate ol iron or f<?rrous sulphate. 
According to the temperature employ'd, shades 
ranging from bright red to reddish violet are 
obtained. 

The less the ferric oxide has been heated, the lighter 
will be the sh.ade produced, so that great care must 
be exercised during the operition. More or less 
sulphuric acid is always present in the iron oxide, 
caused by incomplete decomposition, and therefore 
due to 'nsulhcjent heating. On digesting with hot 
water, the hulk of the above* may be removed, but 
this ’V the manufacturer’s bin-iness. Insufficient 
lieating ol the iron oxide causes red enamel to be 
dull, and this, when stored as a finished product, 
aeejunes a permanent white efflorescence containing 
alkali sulphate. This white growth possesses a saline 
taste, 

A (]ualitati\'e test for free sulphuric acid, and also 
f(4r the undeeomposed sulphate in the ferric oxide, is 
easily iuade, viz. few j^ra mines of the ferric oxide 
ctimpoiuTd to be tested are boiled with distilled 
water in a test tube, and -liter filtration a few drops 
of chemically pure hydro'JiU'ric acid ifre added to the 
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filtrjrte. On the addition of a few cubic centimetres 
of 'a lo per cent, barium chloride solution, the 
sulphuric acid is precipitated as barium sulphate, 
which is white. Should only a slight turbidity arise, 
then the iron oxide may safely be used. 

Beautiful pure red iron oxide is formed when, to 
a boiling solution containing 17 parts soda to 68 
water, 10 parts of crystallised ferrous sulphate are 
added gratlually, the mixture being well stirred, then 
filtered, washed, alhnved to oxidise in the air, spread 
in thin layers, aiid finally heated to rednt‘ss. 

The finest ferric oxide is prepared by the so-called 
method of Vh'>gel, in which a saturated oxalic acid 
solution is aditied to boiling ferrous sulphate. The 
precipitate is washed and heated in a shallow dish at 

200" c. 

other Colouring Matters. — Chromic oxide 

and also copper oxitle are used for p^x'paring green- 
coloured enamels. As regards chromic oxidvC the 
same remarks apply as in the case of ferric oxide. 
Cheap chromic oxide often gives dull enamels, 
afcompanied by a separation of potassium dichroinate. 
It is best prepared by heating juatassievn dichromate 
to redness ; but if the chromic oxide obtained in this 
way has not been sufficiently heatetl and washed, a 
part of the potassium dichromate remains und(jk.om-* 
poses], and se[>arates out after the firing of fchc 
enam.elled utensils. 

The test nnide when purchasing chromfc oxide is 
extremely simple, since only a tew grammes of the 
oxide ar£^ treat* 1 with fiot water, and the presence of 
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undecomposed potassium dichromate demonstrated 
by a yellow-coloured filtrate. The amount of oxide 
added to the enamel mixture on grl lading varj^^s from 
, 5 to 9 per cent, according to its quality and to the tint 
desired. 

tor lamp-shades, etc., a fused green enamel may 
be siiccessl iilly prepared by melting enamel waste 
with 5 to 8 per cent, borax and 8 per cent, chromic 
oxide. The enamel waste has preferably been 
previously (used. 

Chromic oxide may be prepared by another method, 
using i part potir^sium dichromate and 3 parts 
of burnt gy[^sum. I'his mixture is strongly heated 
to redness .md then treated whth very dilute 
hyilrochloric acid. Th.e follovying chemical reaction 
takes place : — > 

2K .Cr.Oy-f- aCaSO^ 

^ 2 Cr ,(), + 2 K ,SO, -f 2CaO -h 3O0. 

Y^fter boiling with dilute hydrochloric acid, whereby 
tile lime inies into solution, the lic'uid is decanted 
off and tile residue washed and dried. (A. CasaliJ 

Cliromic .oxide is also prepared by heating 
potissium dichromate to redness with flowers of 
sulphur. From 100 parts potassium dichromate 
and# 50 of sulphur, 68 parrs of chromic oxide are 
oi^taiiK i. 

Tile be d chromic oxn-^ is obtained by gradually 
heating *animonium bichromate, digesting with 
water, and then grinding. The lower the decom- 
position temperature, t!ie more beautiful will be the 
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greei;i colour. Chromic oxide obtained by a \Vet 
method (solution of chrome alum -f soda) is, never 
so beai^tiful as when a dry process is used. 

Cupric Oxide produces fine dark-green to, 
bluish-green enamelu, depending on whether the 
enamel contains saltpetre or not. The oxide must 
be fused with the enamel, as it is not suitable for 
avldition on grinding, in consequence of its exceptional 
behaviour. 

The reducing gases in the mudle may in tlie case 
of enamels prepared from cupric oxide bring about 
a separation of copper in the dorm of faint red 
spots. 

Coloured substances varying from green to 
bluish violet are obtained, accotviing to Le Chatelier,^ 
from: poparts silica -h 49 parts heavy spar (BaCO^) 
-|-20 parts cupric oxide, heated for an hour at 
1050' C. The shade obtained is^ bluish violet. 
Or : 375 parts silica 4i2t>5 parts heavy spar + 7 parts 
cuprous oxide 4- 42 parts sodium bicarbonate. This 
mixture, heated to 1 200" C., gives a pure blue. 

A Bluish^green Oxide is prepared from copper 
and Lobalt salt?»*, or with chromium and cobalt salts. 
According one or the otitcr of the oxides prevails, 
bluish -green to greciiish-bluc shades are iiroduced. 
Revie'vbig the price-list for the green and blue colour- 
ing oxides, a bluish-green or Turkisli-bluc oxide wjll 
be cheaper as the colour jnclines towards the green, 
sod more expensive when towxirds the blue.* At the 
mill d-i per cent, is added acconling to the^desired 
* U. K - 1 . Nn 112, i illi OUohri 1899. 
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sh!idc. Since this bluc-^reei! oxide is one of the 
most ;:ixpensivc, and therefore most in demand, 
lighter shades of blue-green enamels are recom- 
^mended for use, these being moreover muen more 
delicate and elegant than the. richly coloured and 
expensive blue-green enamels. 

The yellow enamels are usually prepared by adding 
cadmium, chromium, or uranium salts when grinding. 
Cadmium sulphide gives very beautfful colours, also 
lead chromate, but its use is avoided as far as 
possible, on account of the lead content. Uranium 
salts and barium clu'omate are seldom employed. 

Brown Colouring Matters, Brongniart’s 
brown is a v 'ry beautiful brown colouring matter, 
consisting of ferrous chromite. It is prepared by 
adding a solution of potassium chromate (i in 3) 
gradually to one of pure ferrous sulphate (1 in 3). 
The precipitate is washed six times, dried, and heated 
to redness in a crucilde, then Jinely powdered. 

Rose Colouring Matters. —The rose-coloured 
enamels are prepared by colouring with gold salts ; 
usually, however, by the addition on grinding of 
6 fo per cent, of the so-called pinWosc. 

It is difficult to obtain the same shade on all 
occasi(ms, since after pre}>aring and firing the pink - 
rostf changes in shade and colour intensity. I'he 
qianicl^ which have been coloured by the above ai’e 
very unstnblc against hre^ Also every place on the 
enamellal ..tonsil nhic'lT lias been touched by the 
perspiring fingers of the workmen remains white, in 
consequence of the reduction which sets in. 
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What concerns the' preparation of the pink-rose 
substances applies also to the mixture of ^ chalk, 
quartz, tin oxide, borax, and potassium dichromate, 
which ^Is heated to redness, the dye-stufF so^ 
obtained being dige^vtcd with water, levigated, and 
washed. The preparation of pink-rose by this ‘par- 
ticular method is not recommended, on account of 
the inherent difficulties. Fitik-rosc (^P'uikrosd) is 
counted among the most antlijue of the ceramic 
colours, the name being suggested by the baighsh 
term ‘‘pink colours” {Nc/krtifin lu). The exact 
chemical composition has not up ,to the present been 
fixed, but it appears to be a stanfiate or a chromium 
and calcium salt of stannic acid. 

A very useful mixture for its preparation is 
afforded by: 50 kilos, stannic oxide, 25 kg. chalk, 
18 kg, quartz, 4 kg. potassium dichromate, aiui 
6 kg. borax. 

The rose colour prepared by employing gold salts 
is only used for fine artistic enamels, and is dis- 
tinguished from the other similar colours by its 
stability against fire. 

i^urple (Piirple of Cassius), a ceramic 
colour tor making intense purple-coloured glares, 
was well known to the ancients, being the most 
expensive and the loveliest red which is used* ni^the 
ceramic and enamel .industries. It is therefore onl^y 
emplo)cd for decorating the better-class utensils. 

Purple of Cassius‘S is prepared by the ai^kiition of 
I part auric chloride to a solution containing *1 part 

* Casbius, im'Giitor of ^old-purjilc, i6(S3, m Lf-yclGn 
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of ^Jtannous chloride and 2 parts stannic chloride, 
when a purple-red precipitate is formed, whiA is 
collected, washed, and dried. 

If instead of j part gold chloride only hal^a part 
is taken, and the other half replaced by a silver salt, a 
beaiiTlful carmine red is produced. 

The true chemical constitution is not yet clear. It 
is regarded as a lake of metasiannic acid coloured 
by finely divided gold (Debray). 

Moissaigt the famous h'rench chemist to whom 
we owe c.ilcium c.irbidc and other valuable dis- 
coveries, was occupied with this question shortly 
before his decease. He pointed out the remarkable 
fact tliat frop’' the gold-purple obtained he could 
evaporate gold at the temperature of the electric 
furnace. Moissan tried the same cKperlment with 
an alloy of gold and tin, and found that, as the tin 
more quickly evaporated, a purple vapour formed, 
which was deposited in powdered form in the 
furnace. He obtained differem varieties of purple, 
according as gold was used ih the presence of 
aluminium, magnesium, zircoinum, or silicon. This 
experiment confirms the view put fonvard by Debfay 
for the constitution of gold-purple. 

Gold Glance, — This is an indispensable re- 
quijitf; for decorating enamelled wares. It is best 
procured in large bottles, froni wiiich a definite 
amount is weighed out dailv into a small work- 
vessel a*id 'j^iven to the*:irtlsts. On account of the 


* Ddii.tv, Cot/i/iffi / <*/’ ///\, Iwv., p 1025, 1872. 
+ liuluun de la Chnnujat^ 14^06, p. 267. 
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unavoidable loss, the!^ import in smaller bottlesr is 
inadvisable. Gold glance is prepared by dissolving 
auric ^hloride (gold dissolved in aqua regia, the 
mixture evaporated, and the residue dissolved in 
water) in a little water and adding 8-9 parts 0/ » 
a mixture of sulphur balsam in lavender oil (4 parts 
sulphur balsam and 4 parts lavender oil). The 
contents are vigorously stirred with a pestle, and 
allowed to stand twenty-four hours, in oialer that all 
the evolved hydrochloric acid due to mixing may 
escape. Usually half a part of finely powdered basic 
bismuth nitrate is then addcit and the mixture 
allowed to stand again. ily this means the gold 
will be made to adhere better. In all }a'obability 
the following chemical reaction takes place : — 

3C10H7S 4 - AuCI^ ~ 4 jl 4 * All 

(sulphur balsam). 

This is the process of Dutertre. 

It Is important to collect together all the waste 
materials irom the gold glance process, such as the 
artists’ overalls, brushes, glass plates and bottles, for 
thl' recovery of the gold. Gt')!d glance contains 
about TO -1 2 per cent. gold. The above mentioned 
articles arc placed in a pot and burnt in the mu file. 
The empty bottles arc likewise heated, sjdimc'rejl by 
water, and the glass powdc’-ed. The ash .ind glass 
fragments are then placed in a sufficiently large 
porcelain dish, aqua regia* added, and tke whole 
evaporated on the water-bath until the oefour of 
nitric acid disappears. After cooling, aqua regia is 
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onCe* more added, and again •Evaporated until the 
evolution of fumes ceases. Hot water is then acfded, 
the whole being well stirred and filtered. The gold 
goes into solution as auric chloride, to \Aich a 
freshly prepared solution of .the purest ferrous 
sulphate (FeS04j7HaO) is added gradually, where- 
by the gold separates in the form of a yellowish- 
brown metallic powder, which is filtered, washed, 
and dried. 

In many works the loss of gold glance is often 
considerable, and this alone is a sufficient recom- 
mendation in the .majority of instances for the 
recovery of the gold from the waste materials. 
Many firms rnlise the empty bottles which have 
held the gold glance for the preparation of rose- 
coloured enamels. The bottles arc heated to redness, 
splintered, the glass powdered and added in the proper 
proportions to a mixture of white enamel in the 
smelting furnace. 

Lustrous colours are seldom used, on account of 
their high price ; but whether m the future the 
production of lustrous enamels will catch the popular 
eye remains to be seen. One or two^metalllc lust^fes 
are already prepared in large quantities, and there is 
no reason why, in the case of enamels, similar plays 
of cglftur should not be prepared chemically as in 
gljjiss and porcelain manufacture. There is no lack 
of redoes and formulae, but the times and demand 
are not y«t dpc, • 

For •the sake of curiosity, some of the above- 
mentioned recipes may be noticed,, as they have 

3 
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been used in part "by the Arabs for preparing 
metallic reflections on artistic enamels. 

A . mixture of copper and silver carbonates 
(95 CuC 03-|~ 5Ag2C03), or 30 per cent, copper car- 
bonate and 70 per cent, red ochre, or 20 per cent.* 
copper sulphate, 25 per cent, stannous oxide, and 
55 per cent, red ochre, were well powdered in the 
presence of a little gum arabic, finely triturated 
with water, and added to the transp.irent enamels ; 
the wares being fired at 000"’ C., allowed to cool, 
and again heated in the reducing fire at only 
650° C. In this way very beautiful effects have 
been obtained. 

L. Tranchet (Comp/rs rendu^^ t9'^5> PP* 

1237) gives several other formula* : — 


( t ) finamel A . , . 

. 

100*0 

Kaolin .... 


lO'O 

Silver carbonate 


2*0 

(2) Enamel or substance A . 


I0J*0 

Kaolin .... 


10*0 

Zinc oxide 


1*0 

Tin oxide 


1*0 

Silver carbonate 


0*5 

Copper oxide 


3*0 

(3) Substance. A . 


100*0 

Kaolin .... 


10*0 

Bismuth subnitrafe 


< 4*0 

Silver carbonate 

• 

^*0 

jCopp^'.r carbonate 

« 

1*0 
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The substance A had the folloVing compositioi^ : — 


Q&artz 


12*0 

Felspar 


lofc 

Kaolin 


2-0 

Sand . 

. \ 

20*0 

Minium (red lead) 


30*0 

Borax 


19*0 

Boric acid . 


2*0 

Potash 


2‘0 

Common salt 


r8 

The substance A, was fused, splintered by water. 

and ground at the mill, 

temperature 970" C. 


Aia 1 )ian 

Italian 


Formula. 

Foniuila. 

Copper sulphide . 

. .6-87 

24-74 

Silver sulphide 

• I ’45 

1-03 

Red ochre . 

. 71-98 

49-45 

Mercuric slilphide 

. 

24-74 


Whrn firing the wares, the soM^alled green broom 
(German Pfriemenkrnit^ French Genet verty also 
Spani'^h K/epper) is placed in the interior of the 
muffle for combustion. 

This slight deviation may be excused on the 
ground that one should not stand aloof with regard 
to hinfs and statements in the literature. If the 
question of the production of metallic reflection on 
enamels by using artificial lustrous colours is not at 
the preseAt moment acute, yet a demand for the 
same niay arise at any time. These formute are 
not easily obtainable, and .ire quickly forgotten. 
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Clay and Kaolin* — I have omitted to mention 
a 'material so important to the enamel industry as 
clay, ^At first sight there is apparently not much to 
say, yet in reality many volumes might be written 
on clay and its position in our industry. 

And this is indeed an error which many enamel 
firms commit, viz. that they do not pay suitable 
attention to their clay ; and many of the mistakes 
which have been explained away in the most im- 
possible and fantastic ways have their origin here. 

Chemically, we understand by clay and kaolin a 
compound of alumina and silicic acid, contaminated 
by more or less lime, magnesia, etc., according to its 
origin. 

Clay has been originally formed by the decom- 
position of the felspars. Where the latter were to 
be found thousands of years ago, they have been 
gradually decomposed by the influence of the 
atmosphere, carbonic acid, water, etc. The water 
takes up the compounds of silicic acid with the 
alkalies, deposits them elsewhere, and leaves behind 
tjie insoluble compound of silicic acid with alumina, 
viz. clay. ‘ 

If the clay still remains in its original situation, 
we term it kaolin ; but should the clay after forma- 
tion have been gradually transported by watev and 
deposited elsewhere, then we speak of ordiiwry 
clay. 

Kaolin, then, is residual clay, as distinguished from 
the ordinary variety which has suffered transporta- 
tion. mtist look, then, for kaolin among the 
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primitive rocks, since it is older than ordinary tlay. 
An ideal clay would consist of : — 

45 per cent, alumina or aluminium oxidjt, 

40 „ silica or quartz. 

.15 „ water of composition. 

In nature the composition varies, the so-callcd 
standard clays being presented in the following 
table : — 


Anacysks ok S'iandakd Ci-ays. 


Aliunm.i 

V iO 


.1 7 "' 'k' '>« 

^>5 "5 

■7 97 

.-•K-oj 

SiIh .1 j 

1 .t 

1 ‘j-’J ;; 

!•' / 1 vf 

, , S J 

,1,0)1 rii ...q n; 

</ U'y ) / 1 / ^ 

30 ) r. 

8 01 ) 'j. 

S' 

30-71)^ fj, 
2 7 ’6 if 


i) )') 


0 ,1 j <■ q 


•>‘51 

0*75 

1 lUiO 

.•10 

1' 1) 1 

- . ( S i 0 ,((> 

<,*i6 

uy? 

0-72 

Imn o\i(tc . 

” 1') 

' ().) 

1-Ko i V t.7 


C'Ul 

t-Rcj 

I'otHNh . 

0 42 • 

11 00 

0-41 : 1 0:1 

3'i8 


j'jy 

I,i»ss wh'Ti licMliid 
to rednes;, . , j 

17-70 1 

1 1 

I 3 O'-.* 

* • 

12 no li .,r 

io*5r 

9*43 

8-66 


1 

, 5 '> 1 

Jf-' 

' 20 

10 

I'liqiioof . .j 

poor j 

1 

1 p u)r 

vciy ri(h n^h 

vt'q liUi very rich 

very rich 


For enamelling purposes a good white clay con- 
taining about ^^6 per cent, alumina atAl 40 per cent, 
silica is preferable to kaolin ; for the latter, notwith- 
standing its purity, docs not give in most cases that 
degree of expansion to the enamel which is essential. 
Localities for finding really good enamelling clay 
are becoming more scarce. •The best varieties come 
from the* Ivhine neighlKHirhood, near Coblenz 
(Vallemrar), and the Ahr valley, in the region of 
Bad Neuenahr. 'i'he clu)' from Saueiland possesses 
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valuable properties similar to that of Vallendar. 
Unfortunately, these pits are now exhausted, and the 
opcniiyg of new deposits must be continually taken 
in hand. « 

The treatment of* clay in the enamel works before' 
its use as an addition to the enamel requires careful 
and conscientious attention. The following may be 
stated, jiot in the sense of revealing secret opera- 
tions, but in order to remind every e'-pert ^mew of 
the value attached to the conscientious preliminary 
treatment of the clay. 

The clay, before use, must be soaked as thoroughly 
as possible for two, or at least one tiav, in pure 
water at the temperature of the room. Since clay 
always contains enclosed organic matter of a vege- 
table or other origin, this must be removed ; and 
therefore a weak fermentation is induced l)y soakiiig 
in water, which continues unaided if the mixture is 
allowed to remain at i. moderate tenq^erature. After 
a suitable time has elaj^sed, the clay is boiled with 
water for a short period, in order to terminate cjuitkly 
the fermentation, and to drive away the last of the 
g-aseoLis products so formed, such as carbonic 
acid. 

The clay is then passed through a finc-mesficd 
enamel sieve, using as much water as porsiblc, 
allowed to settle,' the water decanted off, and the 
clay thus prepared added in requisite amount to the 
enamel when grir.ding. Usually the quaittity added 
varies between 5 and 10 per cent., sometimes 
reaching 12 [ler cexit. 
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SfioLild a clay contain an especially large amount 
of organic matter, and this be added to the enamel 
without undergoing the treatment described above, 
^i]i particular without being boiled, small ^blisters 
frequently arise in the enamel. These blisters are 
caused by the carbonic acid contained in the 
Icr men ting clay. 

How much annoyance may be spared by careful 
treatment of the clay ! and, on the ftther hand, how 
many misha[ih are due to badly controlbal enamel 
mills 1 

A Short Note on Water.— An important 
factor, on wliicb success depends, is water. On 
principle, th' juu'est water should be used for 
griiuling enamel in the v, c't way. The most 
iJ;eal kind is rain water or melted snow ; but 
these, urdortunatcly, are not always at disposal in 
sufficient cjuafitity, so that well or river water must 
be used. 

The use of very soft water which has stood for 
some lime is espec ially rccommembal. Where soft 
wat('r is not at haiul, a little pure milk of lime is 
added to hard water, the mixture thoroughly stirfed 
and allowed* to settle over-night for use on the 
icdlowing day. This treatment of the water has a 
ji.irt^cfilnrly good influence on ground-enamels. 
Qond< ’'.scd water may not be' so pure as alleged ; 
water whicli has tiltcred^ through land, and pond 
water, isa.t absolutely * be avoided. A chemical 
analyst^ of the water regularly used at the mill 
should be made three or tour times year. 
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In general, for water of good quality the follow- 
ing. data may be accepted : i litre of watqr may 
contain : — 


Chlorine 
Sulphuric acid 
Organic matter 
Volatile „ 

Total hardness 
Hardness alter boiling 


. less than 0*015 grm. 

0-002-0*005 ,, 

. less than 0*001 „ 

0*015 „ 

. 2-^8 
1 


It is often important to be able to test qiilLkly 
<Lnd simply for the presence of chjorine and sul[duirn. 
acid in cases where one suspevts the water used in 
the enarnel mill to be contaminatetl by the waste 
water from the cleansing process. The j^rotediire is 
as follows : — 

Test for Traces of Hydrochloric Acid in Water.-— 

A small sample of the water is placed in a dean test- 
tube, 2 drops of part,' dilute nitric acid and a few 
drops of dilute silver nitrate solution added (t; grm. 
silver nitrate dissolved in iocd grm. distilleil wsiter). 
If chlorine is present, a white turbidity, and often a 
heavier white precipitate, is obtained., due to the 
formation of silver chloride. The amount of 
turbnilty will afFf)rd an estimate of the (plant ity of 
chlorine present. A faint translucent turhidi^y is 
often unimportant. .The p^ ecijVuate of silver chlorl(jc 
must dissolve in ammonia^ 

Test for Traces of Sulphuric Acid in W«ater. — A 

small quantity (to c.cm.) of the water to be tested Is 
.|>!aced in^a tesw-tube, 2 drops of dilute nitric acid 
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and a few cubic centimetres of ‘a dilute solution of 
barium ^chloride (10 grrm barium chloride dissolved 
in 100 grm. distilled water) added. The presence of 
sulphuric acid or its salts is detected by a*^more 

less thick white turbidity, or. if a large amount 
of sulphuric acid is present, a white precipitate of 
barium sulphate forms. llie chemical reagents 
necessary are furnished by every apothecary or 
druggist. 

Coal. — A few remarks may be made on this 
•necessary ct)ml'ustil)le for the production of the 
temperature rct|uired for fusion in the enamel- 
smehiiiu lurnace and in the muffle. As the con- 
sum [^tion ot coal is extraordinarily great, many 
enamel works have been erected in the neighbour- 
hood of coalfields. I'hc amount oi coal required 
for tiring completely lOC kg. of enamelled wares 
may be taken as 120 to 2 5C' kg., according to the 
construction oi *he furnace, mjde of firing, quality 
of the coal, and, last but n-t least, according to 
the activity of tlie workers. 1 Mo coal consump- 
tion is vlirectly connected with the mode of heat- 
ing tlie mufile. In Saxony and Bt^iemia, whei^ 
the best qual*ty of lignite (up to 6coo calories) 
may be obtained cheaply, it is used in the enamel 
, works^ 

^us'ria possesses good pit-coal in the Ostrau- 
Karwlner ilistrict and in the 1 ^’lsen basin. Hungary’s 
pit~cc\il an^I lignite arc (d fess value, and leave up to 
2^ per c^nt. I'csuiue. Most (if the‘ coal used in the 
Cjcrman, b reneh, ami Swss enamel woiiks is imported 
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from Westphalia. Some data of German stahdard 
coals may be inserted here. ^ 


l 1 

V ! 


Niuiie of the Pit. 

t 


Count 

11 . mien- 

1 Schl.t^el j 

N'Uth Star 


' ilixiiKiri Iv. 


1 (iH.n). ; 

(Ni*rtl-slein). 

I Weiiaa ol 1 k tiMc int lu“ . 

j (y,C) 

! 

! 741 

1 

1 7 UO 

741 

1 Colu's}. m ill i-.'rnl.iiic 

i ^3 

! 77 

i 7 ^^ 


I IJiiiistd . 1 , 

Witter < V ijHM ill i) ItoiM 0 

' 4'-4 

1 y 9 A 

i ^ 

i 

O'OO 

l(.'( koiu Ul Kl*. Il 'Hi 

icjo 1 i\. rt»,a . 

■ 7 ‘ 4 i 

’ 7'3 

j () SK 

i 1 

i 672 ! 

Lignite usu i!! v i,u.' 

1! tins 

- 



Larboii 


■4 4 ’ 

- 5-7 per 

Lcnl. 

1 lyvha ;gen 


'’0 

anS 

>> 

\\hiter 


s S 

47 

>5 

Ash . 


5*0 

7'5 

?) 

Calories 


• 

■^500 

boOO 

Pit-coal usually contains 

— 



Carbon 


70 

0 

CO 

cent. 

Hydrogen . 



4 4 


Water 





Ash . . 

. 


3 


Calorics 



6 boo- 

-8000 


The huge water-conrent causes (he carriage of 
lignite to be unprohtab].-, especially where no in- 
expensive means oi water-transport is to hand. 

Lignite should never fie^stacked higher Oian 1*5 m., 
on account of spontaneous combustion. * Pit-coal 
ma) be piled u.p a little higher. 
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Average Cowu-osmoN and Value ok some Eritisu Fuels. 


% 

DcfecripUon. 

C 

H 

O 

s 

Ash, 

including 

Nitioge* 

Total 
Heat of 
Com- 
liustion. 

Welsh . 


479 

4-15 

i '43 

5’i?9 

14858 

Newcastle 

82 ‘I 2 

5\U 

5 ‘^'9 

1-24 

5*12 

14820 

Dirli^shin 

79-68 

4-94 

10*28 

I -01 

4 ‘06 

13860 

! S \\>il.sh5*e 

; 8i\SS 

1 4*^53 

' 7 ‘47 

- * 54 ^^ 

^■95 i 

14296 

. L.uieislure 

i / 7 '<y> 

! 5*3^ 

1 

! 953 

C 44 

o’iS 

13918 

; St'-ldi 

1 7^ 5; 

5-0 

i 0 >9 

1 II 

1 

5-03 

14164 

! t isli AiitliKii lie 

• 

So u; 



1 

! (> ^6 

! * i 03 

l'’,302 

1 ‘' 

1 (iHllllJIn' 

Si. \u <)2 

1 


25 10 2 0 

! 4 to 12 

1 

i 12832 ' 


Too large storage of coal must l)e avoided, since 
the coal, after being stacked a long time, falls to 
piL'ces, accompanied by a partial evolution of gas, 
causing deterioTation thcrcbv. In many cases it is 
adv)‘- ible to sprinkle the surface of the pit-coal with 
water previous to burning, whc'rcl’^v a loss of un- 
copsumed coal-dust will be avoided. 

The necessity ior a thorough and^regular coiitfol 
of the coal entry and exit cannot be too strongly 
recommended, the latter being exactly recorded for 
each ft'parate firing. The heating itself requires 
extre^ lely great care, strenuous work, and undivided 
control. Sometihng will be said concerning gas 
analysis jn (he chapter* entitled ‘‘Firing of the 
E nam <.41 ed IT te n si Is.” 

d’he last, Imt none tl e less import'^nt, materials in 
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our industry of enaniclling on sheet and cast rrictals 
are the latter metals themselves. 

Sheet and Cast Iron. — For the preparation of 
a faultLss enamelled ware, one of the most important 
items is faultless sheet metal or a flawless casting, 
possessing a definite chemical and physical behaviour. 

Almost exclusively at present a soft sheet steel is 
used, i.c, rollcd~out steel which has been pre|>ared 
according to the basic Martin process in the special 
Martin furnace. For utensils which ha\'C not been 
forged, but cmly made up from sheet, and wliere, 
thereiorc, nothing has been exa<.t(*d from the pln'siLal 
properties of the steel, the somewhat less expensive 
and more sim.jd) treated sheet steel is used. 

The quality of the steel is unhurt uiritely often 
variable, anil dependent on the care exercised during 
its manufacture at tfie iron-\vc)rks, C.iood ice-ged 
sheet steel should be box-heated, a term derived 
from the process of heating in iron boxes, as far as 
possible with the exclusion of air. Oltcm impurities, 
such as particle"- of slag, etc., will be rolled in with 
the sheet metal, so that on forgina, and even more 
on enamellincr, flaws will devTiop in wares prepared 
from such material. Chemically, a wT'll-forged sheet 
for enamelling purposes should possess the lollowing 
cornpositl(’> i : — 

Cailion ♦ . . 0*050-0*080 per cent. 

Mangumsc , '. «o*2 5(j 

Phosphorus . . 0*002-0*0^0 

and, at tJic mDig trac^-s ol silicon. 
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Regarded physically, it should possess the following 
coefficients 


Coefficient of tenacity . 
„ contraction 

„ elasticity . 

Specific gravity 


• 35'~3^ per/ent, 

• 30-38 

. . 7 * 6 - 7-8 


The immediate analysis of the purdiased metal, so 
as to buy it on the basis c:>f the previous figures, is 
most strongly recommended. The physic .i examina- 
tion is carried out by the resting-machine, the 
fiurchase of which fs advisable, on account of the 
[juickcr and more sitnple irnestlgation of the sheet 
metal. This machine is based on the principle of 
the decimal balance, in which ^^he sam[de strip to be 
broken is stretched in position on the beam between 
two levers, and on Uvlding to the load by placing 
weights on the :^'alc an increasing tension is obtained 
until finally the sam[>!e break' • 

Itiigland and (Germany pn. bare most of the 
barged metal, and tne larger part oi this of first-rate 
t^uality. In addition, Austria-h^ungary and b'ran(;e 
manufacture good forged metals in* several iron- 
works, but these are frequently expensive. Moreover, 
the adaptability of these works is often very limited. 

Ail^itria-Hungary grants to enamel firms the 
rebate of the tax on Englisii or German sheet metals 
in the ca^e of c'Aportati.m ^>i the enamelled wares 
prepares^ frenn them. In consequence of this it is 
possible to employ first-G.iss English sheet-iron in 
the manufacture of wares for export. 
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Until the year 1896, almost all the forged metal 
used in the German enamel works was im[)orted 
from ^England. The annual consumption of metal 
for enamelling purposes is estimated by Dr H. 
Wuppermann at 70,000 to 85,000 tons, having an 
approximate value of >^1,000,000. The data giving 
the decrease in the import may be directly applied to 
the weight of the quantity of enamels used. Here 
may be mentioned the more complete statistical 
treatise of Dr Hermann Wuppermann, The ^hcct 
Metal Emimelling hulusiry in Gerniany, 

The tax levied in (jcrmany for i]ri[>()rted sheet 
metals, according to the customs taritf ol 25th 
December 1902, for pieces more than 1 mnt. thick, 
amounts to 30s. per ton, and for triiek nesses of i mm. 
or under, 46s, per ton. For rolls the tax is raised 
25 per cent. 

In the case of foreign metals, *'nlls are recom- 
mended, the saving i.j Ireight being 5c; [kt Lcni, 

The most thorough management of the metallic 
stock is indispensable, and is great!)’ hicilitated by 
having a specially designed storehouse, where the 
sheets may be stacked accoiding to si/c and thick- 
ness. It is self-evident that such a store should 
be kept dry, to prevent tlie metals rusting. The 
utilisation of the metal to the best advantage by 
cutting out the shape to he fuKled for tite crude 
ware, cr the preparation of rolls, should be as 
economical as possible. Vhe larger mefaljic frag- 
ments may be profitably used for the manufacture 
of holljW handles, knobs, children’s toys, etc. 
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A frequent, and if possible daily, oversight of the 
nietallic 'fragments is an indispensable duty of the 
official entrusted with the management, for nyny a 
bftdly forged article, often due to the workmen, will 
be exposed by an efficient control: 

Cast Iron suitable for Enamelling 
Purposes {Cast Iron for Urensi/s or Pols ), — If not 
exactly within the scope of the industry concerned 
with sheet metal enamelling, yet the importance of 
the manufacture of enamelled cast-iron w es for 
special purposes, such as the preparation of hygienic 
implements, wattT-clt)set appliances, water-pipes, 
baths, basins, etc., and often for cooking-vessels, 
chemical appar.uus, etc., should not be undcr“ 
estimated. 

Corre^^lionding to the essential chemical and 
physical difference between sheet and cast iron is 
the trcatn;jnt an^i preparation of the enamels, etc., 
which for the enamelling of ea^tt-iron vessels differ 
from those in thtj process of cna' ^dling on sheet 
metal. The iron suitable for pots and utensils 
is a thin wrought iron, which gives a shai*]^ 
mould, and poj^sesses a smooth surface* and for this 
purpose the inexpensive pig-iron containing phos- 
phorus, with a little manganese and a moderate 
*silic on# content, is suitable (preparcti from bog-iron 
ore^ which earlier was regarded as valueless), since 
a certaiji amount of briulcnets or a somewhat lower 
strenoth dr^^s not matter. 

''■f 

The English quality corresponding to the above 
is foLiml near Mlddlesboiough, and ‘the German 
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variety, the so-called Lorraine or Luxembourg pig- 
iron, near Luxembourg. 

E^iglish pig-iron contains : — 


Carbon 

Silicon 

Phosphorus 

Manganese 


3*5 per cent. 
2*0 

^4 » 

07 


Luxembourg pig-iron contains : — 


Carbon 

Silic(m 

Phosphorus 

Manganese 


y() per cent. 
2-0 „ 

1-8 „ 


For thin ol^jects, which, in consetjiiejue of rapivl 
cooling, are more brittle than thickei ones, the 
propert) of phosphorus in jn'odiici ng thi^ brittleness 
is inconvenient, and m the case oi a high phos- 
phorus Cf)iitent a little more silicon serves as a 
remedy. To the above pig-iron 40-50 per cent, ot 
good bog-in-)!! is added. 

For thin hardware, which easi]\- becomes brittle, 
the use c^f a more tenacious iron containing increased 
quantities of silicon aiid carbon is recommended, so 
as to acquire a more uniform, smooth, [)Ilic surlace ; 
the better German and Faiglish varieties arc there- 
fore prepareil with the atldition of i 2 pe^ pent, of 
steel (fragments from the Bessemer process, w^ich, 
however, must nut rusted over), or pieces of 
wrought iron, to the iliolten metal. »This small 
addition of steel is often made with advaiitage at 
the foundry.* Steel in contact with the glowing coke 
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of the cupola furnace takes up carbon and changes 
into grey pig-iron, providing the silicon content of*the 
molten metallic mixture is sufficient. 

Arsenic, antimony, copper, or chromium ^ould 
,not be present, even in small quantities, in the cast 
iron. If P is the weight of the mould, then the 
weight (4 the cast iron is ajiproximalely, for moulds 


Pine or fii 

‘-wood 


. \ ^OO X P 

Oak 



9*00 X P 

Beech . 

. 


1 troo X 1 

Lime 

. 


1 V50 X P 

Birch . 

• 


I l 'OO X P 

Alder . 



. ipooxP 

Brass 



. 0-90 X P 

Zme 



cvHo X P 

j .cad 



. 0*70 X P 

Cast iron 



q 

X 


Difficulties in the process of 


n a m el 1 i n g h ard ware 


are frcijuently caused by adhering 'uouid-sand which 
has been tniriit in. To avoid this, I 'per cent, of 
pov/dercvi coal is mixed with the sand, and the inside 
of the mould is sprinkled with charcoaVdust. Hetore 
etching the hardware, it must be carefully cleaned by 
wire brushes, files, etc., so that finally, with the aid of 
^the sawet-bList, a metallic surface suitable for etching 
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THE PREPARATION OF THE 
ENAMEL, 

The mixing of the enanie], the interiniiiL^li ng of 
all the raw materials the object of which, after fusion, 
is the finished product, is carried out ii'i a sjvecial 
chamber. Since the pre|'anition of enamel is a 
trade sSecrct, the mixing is ])erformcd in small firms 
by the owner himself or his re[n'esentative, while in 
larger establishments, where the daily enamel jwo- 
duction is on a scale too vast ff)r the owner or 
manager to deal with exclusively, the following 
procedutc takes [dace ; — 

The official cntrustcvl with the preparation (d the 
^^YiVimel niixest together the smaller constituents, such 
as soda, saltpelrt, cc)balt - nickel oxide, magnesia, 
braunstein, and in addition a small part of the 
\feorax, feHpar, ai' 1 cTy(dite required in theMort)uihe 
described earlier. The workman takes from ^ this 
preliminary mixture thf corresponding quantit\', and 
completes the mixture by adding the ^naterials in 

e fmiounts given him. A small exam[)lc^will serve 
to ih. ^ 

so 



The Preparation of the EnaMeu 51 


A 'formula for white enamel runs 

as follows :-r- 


Borax 

• 13- 


Quart/ 

. T 

52 „ 


Felspar- 

1 

30 » 


Soda. 


2 f> „ 


Sal tpel re . 


0 „ 


Cryolite 


7 ^ » 


Fluor.g’tar . 


k 3 „ 


Magnesia . 


6 „ 


Total 

• 533 yg- 

This is subdivided as 

follows : — 




Mixture by 


TIu: < )tTi( lal in (Eaim 

Workman. 

Porax . 

1 2 kg. 

1 20 kg. 

Quart/ 


HO 

lA-ls} 

\ir 


JOO „ 

SoJ,a 

• 

10 , 

16 „ 

Salt! 

etre 



Cr}'( 

lire 


50 kg. 

MiK)rsp:ir 

3 » 

... 

Mag 

nesia 

b 

• 


Total . 

107 kg. 

426 kg. 


Thgt*oniy very trustworthy workmen shoultl he 
envuste ’ with the mixing operation, will be self- 
evident. • 

As alrc^ci) mentioned,* the raw materials to he 
mixed must he as dry and finely powdered as 
possible, for then the mix*-ere will be more intimate, 
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and in consequence the fused enamel more uniform. 

In the larger works a practical balance with the 

mixin^g boxes placet! upon it is fitted up. The 

mixini* chamber should be well ventilated, an^'^ 

. - 

during the process any unnecessary production ot' 
dust, involving loss of material, must be avoided. 
The pot or metal chest in which the finished mixture 
is transported to the smelting iurnace should alw'ays 
he thoroughlv cleansed, wfnle in the case of blue 
and ground enamels separate boxes are to be pre- 
fcrrctl. The more ex-K'nsive metallic oxides shouki 
be separately weighed on sm.dl b.d.mces. Cobalt 
oxide reejuires an especially long tone lor mixing, so 
that the colour intensity may he j'lroperl)' developed.. 

With smailtT (puantities (uj^ to :oo kg.) the 
mixing IS pcTiornied hy a wa)rkman wlio employs a 
crook for the purpose, hut larger quantities are 
brought together hy a mechanical mixing aiqvaratiis 
or mixing c}'lindcT, Careful mixing hy haml is, 
however, more relxihle. The rule may l>e stated 
tliat the smaller the (juantities taken the more 
intimate tlie mixture. Larger epiantities, up to 8oo 
ftg., whicii 2'’'; mixed m the mejangeur, must 
remain a correst)Oiui!ngly long penoii in the 
apparat'.s — in fact, up to thirtv^ minutes, ('oloured 
enanicls require an csj i^vudly long- time. ^ 

The erude enamel mixture must he put through 
a v^^ire sieve (widdi oft meshes 5 to 7 mnn). 

The saltpetre usually * gatht'rs iiito umall halls, 
w^hic!. must he carefully crushed hy hanef. 

In a we .-fcaKluctcd works, stress will l)e laid on 
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the exact manipulation of the blended raw matoi*ials 
which Vhen fused together form the enamel, on the 
one hand to ascertain precisely the loss on rfielting 
itnd therefore the value of the enamel, and'^on the 
other to expose negligence. 

Above all, the balance should play an im[)ortant 
part in the enamel industry. All the materials 
which enter and leave, whether pr(x\edi!ig Irom the 
mixing chamber, or lea'ving the furnace, or e tering 
jhe mill, the enamel from the latter, coal, the etched 
ware, etc., all arc weigh.ed, auvl a reallv efficient 
service at the IvaJance rcjid.ers most valuable help to 
the works rnanag ment. 

The Melting Process. — From the mixing 

citamber the enamel procecvls to the melting furiiacc, 
whi^h is ger*erally a !>lasr furnace and 

seldom a crucibk' furnace. Accordling to the dimen- 
sicnis of the w#>rk!ng>, the turn ices are provided 
direct with 50 per cent, imn or S^eiKiotive heating. 

The crucible furnact‘ gives very gOv).i results in 
the case of the best emamels, but its utility is limited 
and the cost of maintenance too gnx3t, so th;i^^it 
present the blisr furnace is almost exclusively used. 
The dlmenM'ins of the latter must not be too great, 
but correspoiul to the projHirtions of the melt. 

' W'ftat wj' stated witfi rcu.ird to Mendiing finds its 
patallel lure. The smaller d>c portions, the more 
unilorm the fusioii ami the^ner the enamel. 

In wc^'lfs of moderate sl/e the charge' should not 
exceed i^o -aoo kg. at any single operation. 

lar'gcr arc ’lecessury, hovvever, in con- 
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sequence of the large consumption, and these must 
be able to deal with over 200 kg. at a time. ‘Mf the 
tempcl^iture of the furnace is insufficient, then the 
charge of enamel must remain there longer, doubtless 
to the detriment of the product, for not only dis- 
coloration but frequently a decompositiofi of the 
enamel may set in. Moreover, every ex[>ert knows 
the disagreeable consequences oi working with an 
u n d e r-f u sed e 1 la m e 1 . 

Too high a temperature in the furnace is in a 
like manner objealonable, sitice combustion of the 
enamel may take place, or a' premature decom- 
position of the separate matenuls may proceesl bet ore 
the mixture has time to unite ( iicniically to form a 
silicate. The mean temperature lies between 1100 
and I2CC C. 

Special emphasis is laid on a very vigorous 
crooking, viz. stirring the molten* enamel in the 
furnace by n^eans of tron crooks. 

Success depends largely on this latter operation. 
On melong the enamels there comir-ences a diistinct 
of the constituents, aa'ording to their 
speciuc The borax, sovla, and crv(dite melt, 

while the fusible quartz and felspar endeavour to 
settle to the bottom Should frequent and con- 
scicntira^ stirring he neglected, there dc'velr^'is an ^ 
extlusion of the silicate, with conse(jufnt 
detenoration in the cptility of the enamel. 1 he 
duradon of the fusion maybe taken us hours 

for white, and tw(i and a half to tliree hours for 
ijround unci Isluc enamels I he latter should be 
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vigorously fused, but this must be abated •for 
white ennmel before complete devitrification takes 
place, otherwise it will become more transparent and 
A.'ss opaque, bVom time to time samples arc taken 
from the fiu-nace with an iron bar, and should the 
glass threads (jf enamel which form exhibit the 
partial lievelojmient of knots, then the enamel must 
remain longer in the furnace. ^ 

In adiditiori, beiore drawing otT the ena^^ el, a 
^mall specimen is placed in a vessel, allowed to cool, 
and the fractured surhice ot)served. Well-fused 
enamel shows a bright, absolutely smooth surface, 
and Iracture free irom porosity. 

Many of the smaller works fill the furnace with 
the nbxturt' to be fused, and allow the molten enamel 
to run ofF continuously, while the mixed materials 
are pcrsi'^lcndv addicd to the turnacc. 

'Fh.at this foj'm of contimioU'' working is not 
suitable fol’ows from the reasoits oftefed above. On 
fusion twd factors op- rate in causing a loss of 
enamel : (ni the one liand the decomposition of 
certain constituents, which give off their water of 
cf} -t.dlr.ation , or carbon dioxide (L'onfji.g. /' per cent., 
soda 4 I ]K'r cent,, since only calcined soda is used, 
saltpciix 61 per cent,), and by the partial loss of 
Miydrc^riiiori' aud Irom the cryolite and fluorspar; 
oiT the Ollier hand there is the lobs in manipulation, 
w'hich ordinal ily sfiould nol®exceed 3 per cent. The 
averagej(ttal loss on fusion may be taken at 15-23 
[>er cent. An cstimai"e slu/uld be made for each 
separate case, in order to show what amount of 
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enafnel may be obtained by suitable manipulation of 
the raw materials. 

molten enamel is allowed to run into eobl 
water, in order to splinter it, the water then beinjf 
run off and the moist enamel either taken direct to 
the mill or to the storehouse. Many firms dry tlie 
fused enamel, but the maiority use or retain it in 
the moist coi^lition as it eoniCvS from die water 
chambers attached to the furnace. In the latter ease 
the enamel contains about 4 [''er cent, ol adhering 
moisture, which must be taken mto account when 
estimating; its wendu. l^'or storing the liiseiJ enamel, 
chamiiers are usco wriich are pro'tected against wind, 
rain, and dust, the tl^nrs bei'U;- eeim ntedi and the 
side walls covered with sheet /im. 


Separate 

comp. 

irtments 

are emploved 

for the 

different varieties 

of enamc 

1, w'vikh must 

he main- 

tained in a . 

ondution of the 

utnuwt (♦kanlincss. 

As an ex.^aiplc 

of the calculations wlierehv the 

loss durincr 

imaon 

is aniv(‘v 

i at, tite lollo\e 

inp: conn 

position ot : 

around enamel 

Will erve : — 



? 2 * " 

k;i., los> 

47 |>L r te nf . — 

5 ktr. 

l-Vls; 

55 *r 

•i'i 

• 

... 

Quart.: 

'' I 'a 

'I'i 



Suela 

8'., 

„ Ic)^. 

4 T j'cr Cl nt. 

.'i *'44 k^'. 

F] uoisjxir 

- 7 . ^ 



C 




* 

! 'tt;'etre 

5'-? 

„ loss 

1 [\'r 1 1'lit. ■ 

y~'> k.ii:. 

Co’Oalt 1 

h 0*4 

• 

^ j • 



Limonite 

] ‘j 

. io.-, 

ypa-i.ht. 

! I k^. 

lotat 

I?) rh 

k:/. 

I.rAs-- . 

)0-^,4 ky. 
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1 8 1*6 kg. of mixed ground enamel give, according to 
the mode of fusion, 1 8 r6 — 40*64 — 140*96 kg. of 
Uised enamel. This gives a loss on fusion|of 22 
])er cent., to which must be added a still further loss 
of about 2- 3 per cent, due to milnipulation. 

The GrJndiiij^ Process. — The fused enamel 
is taken to the mill, where it is ground in stone mills 
(with nither )nj!l".tone andavrjustahleb^‘arings)or drum 
mills. The latter are not suitable for the moist 
^"rinding of white eiuunel, but may be employed with 
advanlage tor large (juantities of c'oloured enamels. 
TliC tact is that whit^ enaniel ground by stone mills is 
not only liner, but adso more opaque, for the particles 
of tin oxidie aj'pcar to be ci ushed and ddistributed 
better imaHigh.out the enamel by grinding in this way. 

In the grinddng room the most scrupulous cleanli- 
ness is ohser\'evi, and the production of dust avoided. 
Tile amount ol^fuscd. enamel r(^ be ground varies 
irom 20-..^^ kg., while the dut'ation of tiie process 
wdl be, auording to tlie quality of the enamad and 
tile gra.ie ot tiiieness desired, between tour and 
twdva hours. Water is add.Cvi up to 30. pe r cent, fo r 
white, and 40^ per cent, for groun(l-^4i(<P?f1?l^"orT?ie 
weiglit ol the ix)rticm taken. Since during the 
grinding o[un',gion lo^s ot water may frec[uently 
oe<.in*fcarc In always taken to replace this ; otherwise, 
in* con sequence u( In^tion betutcn enamel and 
millstone, heat may be efolxad and thereby the 
quality <;^t •the [uiwder unfa\ iv.u.dolv influenced. In 
suth uises the enamel is saldi to be burnt ('t'cr/'r. 
i.(\ it loses its lustre when burnt info fhi' 
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The deterioration of the enamel so caused is trared to 
a loss of lustre consequent on overheated milf-stoncs. 

Certain compounds arc adde<.i to the moist grind- 
ing, nVt only to develop the white, red, or grc ei^ ^ 
colour, but also to make the enamel capable of use lor 
the subsequent enamelling of the crude Wiire. bused 
enamel, ground without these additums, would be 
LiS-cless, as it wyuld quickly settle to the bottom. 

As addd.tions cm grinding there are u'^ed : stannic 
(VNule for d.e\’cloping an intensive white in the 
enamel; such ctdour oxidic*^ as pinkrosa, ferric oxide, 
chromium i^xide, cadiimum sfilpludc, etc., win^h 
devekq’) ro>c', rc>l, green, and yellow cobiurs lespcc- 
lively. In many cases a little zinc oxide (2 per cent.) 
IS also ad.icxl to make the white enamel more herv. 

Clay serves as a further important addition 
to the grilling process for every enamel, since it 
possesses to the highest degree, tf> its iinely 
divided conebtion, tins cap-acity of holding the grouiui- 
enamel in a state of susg.ension, atul thus preventing 
the so-, died ‘"settling.” Moreover, the clay pro- 
d uce^ op .., itv ami influences nicM favourably the 
cdastTdnS^’fe enamel. The prelimyiary trexitment 
of the clay has been already described. The addition 
of stf nnu oxluc to white enamel varies from 5^-“ 18 per 
cent., that ot clay from 5-1^ per cent. Oidy V 
per ^'cnt. c'lav is ad.hxi to grouml and blue cnameK. 

h .. also advis.»b! use in certain cases a so- 
calle.^ veni'h- ( Vc. with the enaitnj, unless 
one prefer*' to do this luimevliatcly before charging 
the wan kiiig-dtshcs w'lih enamel. 
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Th'! vehicles used are for the most part alkaline, 
seldom of an acid character, and serve to stiffen the 
enamel, so that, on taking a sample in a ladl^‘, the 
c*Kimel is only mobile for a few secontls ruu^ then 
c|inckly comes to rest. The enamel is then said to 
stand i^ood. 

The I'rincipal vehicles to he noticed are sal-am- 
moniac, ammonium carbonate, rna^nc^siurn chloride, 
burnt magnesia (formed by heating magne ium 
carbonate to redlness), common salt, and, for many 
enamels, borax and si’ida. Often Epsom salts and 
magnesium ^uljdirate* are used. Most worthy of 
recommendation f( ^ white enamels are ammonium 
carbotrUe and bm-nt magnesia. The* former has the 
valuable yn'perty of volatilising in the muffle without 
!ea\nng behind the often injurious chloride and 
sulphate. lU-rnt magnesia also commends itself as a 
pure base free fjom acnls. For ground and blue 
enamels 'oor>\ is readily used tas a \'ehicle (about 
50 0; grrn. per ico kg. (. namel). With, su^h power- 
ful • abstain e*" lo^ vehicles a caution must be uttered. 
T!k‘ enamc! expert will always find for individual 
cases the corre^rt minimum amount these 

un ivcM'ijbjc vehicles, and from fundamental reasons 
this imjaortant post in an enamel works is never 
■^iven ^o ‘tmen. It has iiappcncvl that workmen 
wht) appeaicxl cemversant wid’i tne use of such 
material'' have ouen usevi Itigidy objectionable salts 
as vehic aiul in conseciuence have been severely 
reprimanded. 

Finely ground enamels have a brighter lustre than 
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those more coarse ; yet in spite of this the enamels 
are not powdered too finely, since they a(;(|uire a 
soap}f, slimy feel and arc hard to use, owing to the 
forjiiaVion of lumps. ^ 

(iround and Mue must be somewhat more coarse- 
grained than white. In cases where tlie utensil is 
only to be coated once with white enamd, it must 
be urouitvl correspondiiiLtiV c«Lirser than ,■ so-called 
second wlute, wliivh is used, lor the second covering. 

d'hc specific gaau'ity of the uianu'ls, nc. the weight 
ol ciibiv Centimetre, amomits to — 

I'or white, odcuhvtcd without nn Indeed 

w liter . . , . . a*S 

d'he suite re^konedi 4 g per cent 

w.irer . . . . .1*8 

I'or gmundi cn.tnu'Is, ca!cul.;.tcdi without 

inJuvtcvi Water . . . 2‘w4 

The ^ iiiie ret k' '-ned -r > '■ per cent. 

v,a''T , . . , . rcs 
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that the other ciiamcls, owing to the addition 
of stai'Mic oxide, atid approaches, consistent with 
similarity in character, the specific gravity of J^lass, 
f/hich varies from 2*4 1 ^. 

I he cost of fusion lor loo kg. enamel, from the 
ratios of the amounts melted, will he determined l^y the 
sum of tlie lollowinu variables : cruLihles for meltin<>-. 
fire-prool material, boxes for hedvlbiu the enamel, 
coal lor the lurinue, si'jovels ami similar ]mi*]cm''nts, 
the wages ul tlie smelters, brickla\ers, locksmiths, 
and tinners. 

The cost entad'xl.m tiic* urnalmj is in its turn 
similarly caK ulatest Irom the amount of work vione 
in a month, wanes, andi matmcaK used. Tdie 

calculata>n nf the complete en.unel, ground moist 
and reaiii ior use, rcck<med, how^xm*, witimnit 
WMter, and may In: rap dlv made on tlie Icmus c)i the 
lollow ing loDuula : — 


IV 

stami . b 

'T t b.c i M-t 

in 


Imps '.*• 

! kg 

a 


tfie ^ 

imxcvi, un 

i ' cati'ci 1 




IS 

^ alue 

m shdi.ni 

•V’' ^ 

)f t 

he ad bt 

•I'M' g- 
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vilng. 






I. 
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Iu''’ng O’' 

k 
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] 
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If for white enamel the additions average i^6 per 
cent., then the formula approximately reads — 

. Pm “ Pr + 0*8 X P/ -I- L 4 M . 

In many works the pow’dered wlute enamel is 
subjected to a further purifying process. The 
success attained fur the latter requires iK^tice, but 
the process is n(4 recommeniled for ordinary use, on 
account of th'e relat3\e]v high expense. To liiue 
enamel a little feme oxide is advantageously added 
on grinding, whereby tlie blue will be rendieredi niois: 
brilliant andi intense. 


The enamel fragntents 

prod, need 

d.uru'iLi the 

operation shoulvi as far as 

pi issible 

be separated 

according to colour, collecte'l 

together. 

an\i lor 

further additi(ni in suita’nlc 

cjuanthy 

to the l>lue 

enamel beiore melting, 
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>■) 
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4' ' 
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Additions on grinding : 



4 ^ cent, purified levigated clay. 



no grm. ammonium carbonate per loc kg. enamel. 

The loll owing further formulre, etc., 

may b ; given 

for some special varieties : — 



15 L A C b\ SK \) E N M i: i . 



Borax ..... 

6 : kg. 


b'eKpar . . . . 

120 „ 


Soda ..... 

1 + » 


I'ernc oxide .... 

„ 


Cc'balt oxide ..... 



bmalt 



Lononlte , . . . 



Tot.d . 

ky. 


A ('ll) R} SIX! i\t. Will , f. 



... 

7-t Pt 


l-dispir . 




i i „ 


C'rs f ht{- . 

d <■' 


S:.!i;ni* osivlc . 

4- .> 


l'iL-nrsp, 4 , 

>> 


Sod.a ..... 

>> 


Sahpeti'e . ... 



iklagju ^lUIn carbonate 



Pure powdei’cd idass-mc.d 

C' )> 


Clay . . . • . 



Caj^H^'ar , . * 

b ,, 


Total . 

40 eg. 
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Addition 

s on 

grinding : 



7 

cent. 

clay. 



6 


tin oxide. 



1 

a 

■> j 

hurnt ina; 

^nesia. 



( 

rl A/1-. 



Fh^rax 


, 

c. 1 

ku;. 

Quart/ 


. 



l^'elspar 


. 

4 '' 

>> 

Frwilite . 



1 : 


S/dtpetre . 
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Soda 
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X 

)> 

FI u(jr spa! . 
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h 
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To 

t.il . 

. 1 5 1 

k-. 


I tU’ 

C'nllAI K 

MS ire 


l>ora\ 



i) 

k,'. 


( ! \ I »l!{t 

^ ' I l\ 

Tot.il . 

oi't : 




4 .. 


•74 


4 prr (.«.’! it. i.] !V, 

7- io per cchl. <.oi'a) iwl '-uhstaiiu's. 

f 

A..u,o 7 tfic' ciiai.K'Js i.'jitai>lc ior hardware, the 
fo'h win^j; 5o:iy he inentioneJ: — For L*n enamels 
a matted [ -oniui is used, ix. a substance whkh has 
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onlyb “cn heated in the furnace to the melting point, 
and whrch on account of its composition is cxclucfed 
from complete fusion. This matt is prepared by 
."t/txing together borax, cjuan/. or flint, fefspar, 
fluorspar, and clay. Naturally, a n.umher of formula 
exist, from which the following are selected : — 







on goi'diiijss 

(0 

30 kg. 

HU art/. 


87 kg. 

•> 0 

.lay. 



borax. 


1 

e 

magnesia. 

(2) 

30 kg. 

quart/. 


lOj' kg. 

clay. 



felspar. 


b 

fel'^par. 


-S '> 

borax.* 


^ i » 

sia. 

( 3 ) 

210 kg 



r. bvirax, 10 kg. so^la are 


fuSCv 

I lor til roe to 

bmr l'(K..'s 

in tile furnace. 


Ibin 

ng gruii 

■ liny, 32 kL;. 

of the melt, 


I 1 k 

,g. ch\, 

34 

kg. quart/ 

are addedi. 





All'] (ill 

(4) 

kg. 

fli:«t (sill 

ca). 

IS i-m. 

of the melt. 


K ,, 

borax. 



quart'/. 



fluorspar 


i '5 

.i.f. . 

This 

mass is known 

as 

the m..tt 

), and is 


['vejMred by mixing the substances named’;, ;y* ^ heat- 
ing to JVvbiessbn a shallow } .11, c^)^’el^ed cxternall)^ 
by clay, in the miifllc furnace. The heatir.g lasts 

about otte to one and a halt hours. 

• • 

The Hiatt forms a p(''rt)iis, tefi- looking mass, 
which is broke up and groun 1 moist in the mill 
with the aduiiion of the x^ther substaia'es. A too 
abrupt fu^i.jn cd tfu matt is .?\( ded, otherwise a loss 
of adhering powt'^ js entailed. 
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All the good white enamels for sheet metrd may 
be used for enamelling hardware. Many cast* objects, 
such as imitation majolica, baths, etc., should not be 
covered by enamels grounii moist, but witli thos^ 
powdered by hand, or by means of a sieve cn* special 
machine. The process of covering a ^.ast object 
which is redi hot with dry enamel tinJy p-owdered 
will be iiUvierstood a little later. I he en.unel used 
must be easily fusible, aiui the pr(*cess is performed 
with rcjKMtedi warminy of the r'bjcct, until the 
enamel layer iias tiu* d.esmed. thickness. Wssdsso 
treated piv-^ent a ’porcel.un lik- ap[>euM?^ce, but are 
expensive. I'r.mientlv i!ie gr<H)mi w'me enaim 1 
may be spni'kled de.rvvt on tne reJ e s a 

vvilin)Ut tile interme li.Oe st.ige of a matle-i mowisl. 

Many enamel powdler^ are piapaivb vitn le,i b 

antimony, <'>r arsenic ioinpo^m*ds, \\mi.n gi'-c am 

extraorvUnam lustre (o the tmamelo 
, . c 

An enaim 1 containing arsena. is ea^y to s*', 

since in liise'i samj les it exmuits a .dunng jic.nmn'n 
tr.ur-lu, ' .t edge. 

As .Ui ' vaii’ple of a uiute emunel [Hiwder free 
from •' Uaiy be taken - 

IjOK.X 

I 1. i • 

SkmiiK von.ic , 

"lay 
Soda 

Sai’.pt'^fe , 

Natural ^voImC 
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y^rimonium carbonate . . 3 kg. 

Flue; spar . . , . 2 „ 

Magnesium carbonate . . 2 „ 

Total 465 kg. 

As a further example of a wliitc enamel for cover- 
ing cast inm when nu)ist : — 


Borax 

. 


. ^0*0 

kg 

I^-lspar 

. 


. b(j’0 

51 

vSotia 

. 


. 4*c 

5? 

Cr) olite 

. . ^ 


. 20-0 


Saltpetre 



• ro 

55 

Cla\ 



. ‘ 2*5 

55 

Siannit ' 

txuie . 


2-0- 5-0 

55 

Magiiesi 

a 


. V ? ’ 2 

55 

b'l unf’^.pa 


• 

C‘ i 

- 



Total 

■ s V ^ 

hj 

AJ. 

iiiions on gi 

r nding*: 




7 per cent 

. tin (^xide, 




/ 

cla\-, atul 




0*3 » 

magi'cbia. 




ITaimi. 
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Exam^m-es of Mix'irREs 

CORRESPONDING 

'FO 

itTe 


AROVE AnaEV^L'S. 



No. 

I is the analysis 

of an easily fusible^ 

white 

-bocly-cnanK'l, the n'.ixturc 

being n^adc up of 

- 


lAlspar , 

, . ho 




Borax 

42 

j> 



Tin oxeIc 

f2 

)> 



Soda 

15 

)) 



Saltpeti'c . 

- 



No. 

2 IS the anal> v ■ ' d 

a u hite enamel 

con 

si sting 

ot 






I'clsyar . 

'■> ' 7*0 




liorax 

* . 

J> 



Qu*E*t/ 

. 2C''‘0 

7 ) 



Tin oxule 

1 7*0 

J) 



Sodhl 

. 1 6*0 

)) 



SaltjK'trc • 

2*5 

• 

» 


No. 

H is winte enatiK'l 

inixeu iroin : — 




jha.ix 


kg. 



j-'enpar . 





Antnnoliy oxide 

. cf 2 

55 



S'kLi 

r 4 

55 



Cl:o 

, 4*5 

55 



ClAiiltC , 

. . 16*2 

55 




ai.WTER IV. 

run PREPARATION OF THI: CRUDF 
WARE. 

T'ul Lini'iC \v arc Iv.atcu to rc'-hic^^' hctorc 

with the oi*-ictt ot rcj'^uvar' tiu’ ;u!lu‘r;nL!, 
or bOA\^\’ iarrr. Mo»‘co\cr,thc ol 

rile sheet metal, ^v{lieh is lo^t during f!\e lorLeitj, 
drawino, plajimLi', or pre<s:n^ [tolcssls, is re-tor'^, i 
hv heatiJjj, this ()f'ieJMti(»ii i>e;iij^ m aid ucteJ* ha’ tlie 
niO'4 p<irt i. tile murtie, seKiom iti .i spe- lal turna».e. 
If the uai ie v^arcs arc ciipjH-d in wca.klv ucidilied 
WiitC'* I ' lore I'aMtiim, the proi. c is reialered more 
th.orouji' v.n e tlie oxoie or s^ale la\t'r eas:l\’ 

< (MsV. fT af er tjowhiu. \V-th hetter-tlass wares 
th;^ ^-iiouidi always he vl^-ne. Many of liie flaws 
vvhl<. h snow ihenw'^ives i.. the enamelled iitcmsil 
after lirini: leave tiieir oriani in the inu m[delt 
and tierefore irisutheient heatinp; of the ciuvit* 
wau 

:\''ove all, too LKUiy wares sliould rn tdw heated 
at tIu- sam ■ time, ’my utensils^ platen, ete.oire 

pie cvl Hi s^ls*ol inn T ure inaiHive toeipht pieu's. It, 
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fore '^mplc, washing utensils in piles containing twenty 
or more pieces are heated, then incomplete combus- 
tion of the impurities takes place, together y^ith a 
non-uniform oxidaifion in conseejuence of the^scarcity 
of ox}'gen. d'he latter often causes afterwards a 
ehippino off of tlie enamel at the eclues of the 
utcmsil. Had heating is generally an accompanying 
cause of scale formation (riail-chips, c<jUp (forp^/e)^ 
so that, on <.<)oling> small enamel particles in the form 
of a miniatura finger-nail break off from the fired 
e'himeiled w.ire. It slnudd not i'c* sup[)0'>ed that 
this, v'Jn.h IS so leered by the worktfian, can only 
l>c tnnmi to in’,r’a>per heatini:, since scale forma- 
tion IS often iiue to insufficient burning in of the 
groan ! enaneJ, tp* to a faulty enamel. In order, 
however, to avoid, a usual error during manu- 
faefureg whith may be ascr’bed to dnfferent and 
(sb' n not permanent causes, the careful man will 
use all t! ' means vv^iich experien. . has placed at 
h\ dio.osah 

It is lohv I'' pCiCk together for heating cylindrical 
or coni, d o!>j('ets, such as pots, stcw}xms, etc,, lor the 
grea-e will only be incompletely burgt, and carbon 
deposited)^ vviiTch will be di awn into tfTe pores of the 
metal. Wl.en eiiamelling such objects, a more or 
Jess t^ifk i'l stcr formaoon takes place on the sides 
attd e lees, causing an increase I percentage of 
damage good:. • 

Idle I'enu-c rature ol the furnace must be sint- 
able 750^ Cl) and Kept uniform. An 

underheated finmcace, in whlJt tht^ crude wares 
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must remain over long, is as injurious one 
overheated. 

As^in the prelitnifrarv treatment of hardware, so in 
other crises, it is ULUisaldc to heat gently in the muffle 
before pickling, in order to burn uj'> the adhering 
coiil-du^A. 

The crikle ware so preparedi is lunv taken to 
the piekling chvenber. 'I'he p'^khiig has for its 
obiect t!ie prodiucti-on of a pure m< t.fflic surtai^c, 
s'uue oniv upeai su^h wdi the ground -en.inu 1 adhere, 
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same 

time ^ 
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ren 

t or 

more 

ilmnlc embed 

dmal 


‘■’md p.e-ti-Jes dc’f.'eed tonu t^ie sand* mould or 

LAot. 

Hm", d; ;■ the i j''ul\le'> mav j'enetraie into 
sheet ev t-d wgtm cop-'-td to the s.ii.d bl.ot, t(»ll(nv’> 
trom th' reu' uocabk t.ut tlnit suJt metal, \\lien as pure 
as it Is poss'-' Ic to (d'tiin it and; in '-pite ot an 
adi’ lit io'.u.Li i( '.mer -.ion in a'Jidl, is no longer ^^upable 
of iAO'v tinned*. 'Fhe tin will only a]if>y itvlf 
at ’ltd Spots "'m the mchil. 

Inlute b\s .r )i.h!on^. 'a ’ai is u'-ed, one- third acid 
of I la' ^r:o!tv ri ■‘i'; to {v,o t hu\!s water. 

I’hc idgdiuriL# f' r puklifm is prepared irotn 
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90 [ ;^rts water and 10 parts concentrated acid of 
64'' to 65" Be (specific Ltravity 1 -795- 1-820). For 
cast iron, since In .irofiuorlc acid is not used, dilute 
suljihiir:c i-, taken, anti heateti by iikmiis of steam. 
Hydr ochlf^ric IS preieraBle to swlphuric acid, being 
not only cheaper, but also causing less inconvenience 
in brt'atliing. I'hc acid must be free from arsenic, 
otherwise ai seniurettcdl Inairogen will be evolved 
during the puklmg^ ,uid tins possc'sses a disa[rreeal)lc 
garlic -hke ovie'ui, and moreover, injurious to 

i^callin 

\i IS adivangi'g'ou^ to test the jnckling agent daily 
tor the amount d unused, acid. A test cjuaiitity 
;s tUiMicd wTh. scmi-normai cac tic soda solution 
to wlovh a l.tdc' ^uear has I'ern ado'cd to avoivi 
oMOaiam (.f tlic v!: -,-olvcal ferrous s.dt. Ihhenol- 
[dnth.ilein is usevi as indicator during the analysis, 
d'his tc^t may be carricsl out 111 a few minutes by 
mv mt f b ''mt workman. ^ 

If llu‘ iiojuent coi tro] of the .u ’ iicjuor be 
nc'd-i-t^ k it may hapjam that cither too little or 
to<^ nua!i i’a.-h acid will be addicdi daily. 

’''ore! ^ recommends the tolloc^^ing for cast 
iron : — 

90^'jrrs ^ulpluir’c acid o^ icg Be. 

4 ,, tm sab (^nC'l.\ or / im chdoride (ZnCL). 

If th^' acui content be t*K> small, the amount of 
fc iTO'js ^1^1 in tile .lend buhs 'vdl be tc)o great, and 

- 1 ' ■ g. ’ 'g / /,>t , ' / ii.\ ( \ 4in 

I 



74 


Enamelling on Iron and Steel. 


inadequate duty done; besides, the cleansed crude 
ware will be tarnished by a yellow coating of ferric 

oxivle. 

If acid ’he added too frequently and in too great 
quauriitv, then the. process will be too energetic. 
ImM will I'e dis^olvedi unnecessarily at the expense 
of the evcC'S o{ acid, and this ejuite apart from the 
mater; il d’sadoMnta^e kiue to aeid waste. 

A nui.i gmdiuallv settles e)n the floor ot tlie edd 
vessel or vat, arising from the uiivlissolv'c. i tin, 
''Cj'.irat-. /I fe’:;-:c oxivle, etc. The vat must thcreiorV 
’he cleaned out from time to time, arui tliis is dv<ine 
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Tin, Loss OF Mltai, orioNf; }»ir kling. 
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*r}K* ciiUvlc wares Miftcr a loss in wciuht on 
p:Lkli!e.i wliith avcraj^es per cent. The 

pi.M'kn' .L fo which is the Iv' t matw. tor making 
the m')‘T 'ai vivcai^le p.ckling vatj is harJ. to solve. 
Tanks nnuic of ttninitt or cartlienware arc very 
.taiMhlc, I'-ut too expensive anvl. myreover, limited 
in cap.iaty. Also vessels preparen from slabs of 
gla/c\i stone are unsatisiactory. The most suitable 
aie ytiffse thoronghlv coated inside with leadj which 
4 m it^. tarn is covere-! by wood. Between the wood 
and lead ( iniLO'ontecr or firankfort asphalt is poured. 
A limmd pickling acentiart^. more quickly and saves 
an\ su'os. quent rabinng (M' rubbing of the cleaned 


wai'e. 
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The metallic object to he pickled is place^ in a 
larticeJ ]\askct and set in the acid bath. The 
j^rocesj lasts from 30-4^ minutes, accor^iing to the 
conec. ntprion of the bath and the thickness of the 
nu'tal. b’or the ware to remain too long in the 
acivi is inuirious, on account ol partial decompt)sition 
of the itiaterhil auvl the formation of so-called 
metallic Mo-ters. The ^heet metal is c()m]K)sed of 
ma!i\' lavers, and the pressure of the hydrogen 
e\(h\T\i j'ro.iuces an i»'t]ation, i.t. a bli'-ter. A 
rusted crude, article \vh;c!i has sutEred. much 
.ituiospiier'c eupusure reijuirc-s ‘prolonjed, pickluiL;, 
and! bc.omiC^ of nferit'** ;ju.ditv because of rust 
fornnitam an-i tr-e 'umcopjal ckU )’i <^1 the ac)^i. I he 
p.ckkd ware IS -pLac 1 in a w.iler tat^k m otd.c-r tliat tlic 
greater Tpart ot the acid mav !'e ^enuA'ed.. I he last 
traces of acM addierinu are neutrali ed by dippirig 
the obiects in boilita: sod.a, heijuciyl’v .merely milk 
of I'Uie Si/lut, 'u. Tiy: cleansed ware is then rapavily 
dn.a on a spt iai dremu hearth, d'his d.rymg must 
folhnv '0 a.cklv as p.c,^sii»le, to prevent Irc'sh oxaLi- 
tion. 1 lo!' Av handdes, etc., reejuua a specudly care- 
lui and "f nsiuyh ^i^ing. 

Pickiuijt hardware l.kewi^e recpiires much care. 
The VNa^'e .einauis m the hot e ic percent, sulphuric 
aci(d about i i I hours, is then placed in jUire^Xiater, 
aihi i nadiv in boduvu sodci ^'ojut’on. After it iL> 
luen s treitc'vi, the ea^t m ciemei or a'rubbed once 
moo [)\ u;rc (>nehe^, u^^ng a Lr<^e ay^iunt ot 
svalt 1 , 

1 }u h.L u h •T', p? i p, ' jta »!'. and removal of the 
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acid liquor often involves expensive and difficult 
work, (n several countries the legal regulations 
respecting this arc very lax, but in (iennany jj. con- 
scientious observance of very stringent laws is strictly 
enforced. 

Where sufficient running water is at hand, with 
which the waste acid liquors ca)i tnix in a {uinimum 
ratio of i : ic, the liquor-removal problem has a 
simple solution. In other localities the contrary is 
the case. Pv neutralising the acid bcjuor milk 
of lime and soda, leaviing the same into oxiviation 
reservoirs wdtere the* Icrric oxiile for the mo^t part 
separates emt and settles, tillering the neutral liquor 
throng It powerful til ter presses in order io retain the 
last 'parti^lesof mud, aik! then allowing this hquo'' to 
filter through land in percolating pomls, it is poss.bic 
to remove in reality all danger of ct>ntaminating 
running \\ titer. ^ 

Some ( ierman enamel firms flaw -et up complete 
plants lor the thorough ncurralisal;. ' md separa- 
tion of mini irom their acid liqiu;.s. 

flow iar the purification of acivi water may be 
accomj lished in the manner described is shown by 
the follcnving illustrations — In :i largT' German iron- 
works the mgHire acid waste liquor shows the follow- 
»aveni^t? coni]X)sition : — 

IOC litres a m lin : 

Siil^-hiuic acid .% . . grm. 

Iron ..... » 

Chlorine ... . . * O'bl „ 
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After purification by neutralisation, filtratioiy etc., 
this waste liquor Is made up as follows : — 

lOoMitrcs water contain : 


Solid constituents . 
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THE PROCESS OF ENAAlELLINr. 

l*ni clcMiK'J crude uare is furtiicr exainlned for 
acculental drinses, these heijijj remoexai !)v heating; 
nut W’th a \V(V),^'n hammer, a ['-rncess now con- 
ted in the principal workroom of the enaiuel 
•work.. 

i .he cn.itinp: of the clceined iirensil with enamel is 
diCme 111 .uunaiance witli detinitc‘ rules and manipula- 
tions, and u; known as the ^^lavin-r” of the enamel, 
d'lie wcM'kn.en entrusted with tn- oper.ition are 
called “ e’iamc Hers.” 

'Fhe art cd cciverino; can onlv' he acc]uirc\i iw' loiiu; 
practice, and rcs]uires intelh,^ent, educ.uevi workmen, 
siiivc ecery kind oi utensil, hcwvever^ ddTcient its 
shape, must he [n'ovided with the enaifie! ecuting by 
a suitable rollir.^ movement. 

^ 1 lig-c* .tre distuipiushcd the so-ealled “primary 
►ectttinpd’ t’ne first white, the secennt w'h'teor preitect- 
ing eo*ir, and me colouredi ♦enamel eoaline s. An 
immediate eoverinc or e;aamelhn<> of the cleaned 
etukie ware wnt’n while enamel imjiossible, tor the 

compositiem^ possesses an 
79 


latter, lay virtia: oi 
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expansion coefficient essentially different from that 
of iron. Moreover, the stannic oxide content of the 
white^ enamel brings about a blister d.evelopment, 
since this oxide is reduced by the carbon p>resent in 
the iron at the heat- of the nuiffie. JE'lore the white 
coating the criule ware must tlieretore be provided 
with an enamel (.over posscssinia very definite 
chemical and pin sical pror»e»'ties, ffhe enamel used 
is known as ground-enamel /////.//-.s ), ami 

cssentLillv an ea^dv fusible sub^tan^e, eohmred ]>y 
cobalt or nickel o\:de with a lit be limon ue d'he 
recjuisite amoimt^ of ihe>e <'•\ivic^, in union with 
borax, g!^’C to t!a.‘ erounsi-eiiamel a ifKinvient of 
expanslvm ajpoxKin.iij on tc near t'> tma of sh^et 
non. The same vinnposit.em minim coteilt o\ m'. kel 
oxide would be u teles'-. 

The search fora ground -emn'''el fian* iiom (.h'mIi 
and nickel oxide still rem s a [na^hlt m f- -r ffie 
exj ert, and it m,ay be s.iu is ass^stev! tiiat tfie 
previous formube tor such white j'-rimar}’ enamel^ 
must be ^'mgudedi as hund'ug. 

In I {.cent year‘' pn tiai sin cess Iras in-en realised, by 
repl.icino the^e\pem-.ve cobalt o\u!' n? ihe ai'ound- 
cnamcl ivith Mie muc-i eheseger lU'. kel o'^nie, but 
this recjun'cs ( ireful attenbon, and, the enannl so 
prepar^sd is mleixor to the obalt f-nie I'rnnar^’ 
in stability and ela-stichy. b'or hran ske-s waics i 
’-enan.e) coloured by cobalt oxivle is tliercbn'e 


cm] love i. < ^ 

I'he uro’OKl cn: r.n 1 should be f.i’rly ddutc b|0 
per cen^ watci*) and o irse-graoied, and the pnmai')' 
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coat'ni^ should he as thin as possible. A small plate 
of sheet metal coated with oround-cnamcl should, 
after the burning in of the enamel, be capa^ale of 
being bent w'ithout the ground-enamel chipjmig off 
at the edge of (he bend. 

The average output of a man working with the 
ground-enamel lies between 200-300 pieces (150- 
300 kg.) for laige, and from 300- 150:0 pieces 
(200 400 kg.) for small utensils, in the cours** of a 
ten- hour day. Natundly, such numbers are suliject 
tt) great fluctuation, when the many \aricties and 
sizes of utensils are taken into account. 

The vessels co'^ered with grouiui-e namel must be 
rapidly dried, and for this jvurr'osc sf^'ccially con- 
•structed staiivis are used, which are heated by steam- 
pipes, or more generally by the hot gases Irom the 
muffle furnace. Should rapid drying be omitted, 
then rusr .easily develops, and the damp wares 
then cxhdnit rusty-brown stain > A moderate 
adddtion o< !K)rax freCiUtmtiy prevciU this partial 
rust formation. In the case of groumh enamels 
used tor cast iron or for matts the '>ame treatment 
serves, yet in this case only borax which has 
been prevKnisly fuscil and dissolvn^fl m hot water 
is added. 

^ Care^riust Ik’ taken that wares coatc<l with primary 
i;;^nmifl show im tiamaged metalhc places alter drying, 
since in the sul '.»a|ucnt firiii;:^ these places are changed 
to ferrous OAitie ami so give rise to faulty goods. 
An artivir^carefully coveicil with primary enamel and 
then fired forms the Jxisis for future ^treatment. A 
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covering ground-enamel prepared too concentrated 
is equally as had as one too dilute. It is the 
business of the enamel master to he coinaneed 
repeate^ll)' duriiig tlu* day of the eotisi^^tcnce of 
the grounvl-cnamel^ for, should this he too lusihle 
relative to the next coating, then a !)llster d:e\\‘lo[v- 
ment in starry form will he iouiivl on the hnisiK'd 
product. 

The intrcvluction of i:r{)und enamels [mejaire ^ 
from new formula* shouhl he c.uitiously mad;, ‘dnee 
not hi p.g can endanger the trad.e or mfiivt rreate'i 
iniurv on the owner tlian a c;ir.c less, fiast} nnporta'- 
lion of a new ground- enan\el. 

The weight of greund.-ejaiinel neLt^‘-iry for ! kj. 
emde ware, sup[M».sedi to he average n<etal! ^ 
thickness, varies from ho- tea grm., . S i- pt r 
cent. The firing of well d.ried groui.d-i naiiudli d 
sheet ware is conducted in tin* inutile furn.ice at a 
temt^eraturc of oy? C., (.orrespondhiu to the 

varying compcjsition. of the urminvi enamels m 
the diflerent works. T he utensils, on heinp coated 
with grournkenamel, are submitted; to a meu'e sec ere 
hurniim in tha ; that pnven lor the next covering. 
T'^'C bore*', wlfich is p-resent in ample* tp-ropc a't ions in 
the groir d-ename), rea-uires a fairly larue amount f>t 
heat to hecoom a mobile lujuid, ami so luiiu* in- 
timate]} ./ith the metal. 

^Vter the h^-ing of th^ wsares coatev! with 

enamel, the next oiuaaticm :s the enamel h. no wit It 

‘ 0 

white eriamei In th.e (.ase of many ifSxpensivc 
Wtes only jye white caxiting is put on, but the 
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majority require a second. At this stage meiUion 
might be made of the circumstance that the great 
expectations entertained by the introducti^fm of 
.methods having for their object a singt white 
coating have only been partly realised. 

Every expert who, without wishing to tieceive 
himself and others, w'ould follow his convictions, 
must confess the unsuitability of the so-called single 
white coatings for special qualities of ware. The 
sinale white t(3atiim, since it must he laid on 
thicker to be sufficiently white, causes an average of 
20 -30 }K‘r cetit. in* repairs or patchwx)rk. More- 
over, the cover . will have his waarking capacity 
limited, and in reality wffil prodiue less than if tw^o 
white cceitings were put on. The patched waircs 
generally requite a furtlier firing and another coat- 
ing, so that such utensils arc often uniavourably 
distinguisltl'd frq^H other wares by their multitude 
ol co.tts. 

On the other hand, d is certain that lor export, 
W'hcre oiteti the tax is reckoned actord.ing to the 
weiglit arul low price attached to wares w'hich have 
only been w'hit^e enamelled ouAe, thenevhat is lost in 
beauty is gained* in the solidity consequent on a thinner 
enamel lav('r, since the thickness of tlie covering has 
4 greift liffiuence on the dur.ibilit) of the ware, for 
The quality is in\XTselv proporti(>n.d to the tliickncss 
of the enamel Loan", and dn'lvtly to the cross section 
of the sh^^t metal. 

For enimelled hardovare the following data of 
enamel consumption ^addi good : — 
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The ground coating amounts to 
The inner coating of white 
cf^arnel to . 

The « liter asphalt painting to . 
And the loss on etching to 
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0*24 „ 

opto 

of the hnal weight. 


Thi-, I\' iJ \M'n WiiuHr 'S Oi is Ai'ri k i hicik 

I’uiv. -Msi CjAinxu, 



( '1 tUsiui'i j ttj> »ti ii( 
( If' ..uivi 1 .ii.mfcl, 





in ^'t-rccuL 



, 

’ > 

' 62S 

52 2:: 

i t‘2 3S 

1 -'1 

iS ‘3 

, , 

1 1 

i' ' 

1 *' 

f'3 '25 

; 7 ’ 3S 

1 » 

* > /. 


, > ' 

3 ^ 

* •» 

7023 

•"•1 V 3 

# > 

L> 1 

, , 

1 1 j 

4 ' 

1 

s; 

93 .>3 

1 1 

ns 


! 0 


> ’ 

9 " •■’S 

’O', 

V 

ITS 


1 

' 


I'C 23 

‘ ‘»7 3 f 

f p 

9 2 


' 1’ 

53 


j is 2; 

; 12S 

1 1 

Ss 


>} 


: ,, 

• t 

1 ^ 43 

1 p 

■ 7 n 


! 0' 


i i > 

1-1 ' 2C 

U 33 


7 ’ * 



7 ! 

t < * 

I 

1 !'j1 43 


' n 3 



; 

< 

> » 

’22, 

I 


ft 1 



,w 

I ,, 

O' 5 

; S 4 

1 p 

57 





: ' 4 23 

i'O ■ 

T 1 

3 ’4 





^ 2 , 

2 , 1 

f 1 

5 > 





2 '3 

21'- , , « 


4 S 



' 0 

: m 

2«7 25 

2 2/ 


■ 4-6 


OhjeOs winch are to rtunve a scaond Viatingr 
of white nnamcl shfjukl \ic as thinly enanu lied 
[)OS SOI;: 'he firist tune, •file secon.vi coat sh.ouKi gdve 
strength and ajg'earai.ce r^) the ware, aiK^^nust be 
laul c^a W'ith greenest care, 

JMiamelicJ ('A e,ecls are usualif provided with a red 
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enamelled border, which is prepared either aftg- the 
first or, in some cases, only after the second coating. 

A neat border gives a pleasing harmonious 
appearance to the ware, and therefore too n?uch care 
cannot be exercised in its preparation. 

Whether the so-called border or ‘‘anrollen*^ is 
made by hand or by rolling the utensil on a plane 
steel slal), depends on the respective works’ routine. 
The borderi’ig by means of a steel plate is ir ide in 
^a thin layer on the blue or black enamel, and gives 
a faultless edge. 

The drying of the utensil enamelled iii white or 
blue has usuallv lO rake place slowly, without the 
aid of a special source of ^'.eat, in the air. On 
the other haiul, the wdute enamelled cast wares may be 
safely dried on a mo'ierately heated hearth, and during 
the process every kind of vibration must be avoided. 

It may* be ui^ially accepted that enamelled sheet 
wares are stable against nipid temoerarure change. 
Thanks to the present position of enau^;! technique, 
the preparatimi of a really durable ivare is thoroughly 
understood. Where, however, a small capacity of 
resistance against abrupt temp<Taturc ihange is found, 
this may be traced to a variety of causes. The 
cover enanu‘1 must, under all circumstances, be 
• suitail'ife h r the ground, just as the crude ware must 
■"oe caretully ] reparcvl, in order t- obtain the correct 
tcnsicm, cspeci.illv at t!ve ITa.^e of the utensil. The 
basal ci¥^ve of a forged iitensj] should' be as round 
as possible, since thetensiem .lilferences are expressed 
usually at the ^.enti/ ol’ the base. With respect to 
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this, a new process of a well-known enamel firm 
deserves mention, who attain an increased stability 
of the^ base by pressing in the centre diagrams 
standing* in relief, such as trade-marks or similar, 
impressions. The diameter of this relict should 
usually amount to one-seventh of the base. This 
idea is at all events worthy of note. 

The total amount of enamel recjuirevl by tlie 
liiiisheei enamelled sheet ware depciuis iiaturally on 
its si/e, and is usually exjircssed as a percentage of 
the hnal wasght. 

The for!i')wi]iir table show's the' varying percentage 
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* S') (ICC most of the sakciblc utensils arc prepared 

f?‘oni slicct metal oi 0*3 0*5 mm., the usual quantity 
ol cir.unc] required., amountinti; to percent, 

'is uilculatcvl on the final weiq:ht of the object. In 
the true enamel consumption is really 
preatcr, in com^equence of the unavoid.alfie loss 
ilurm^ the transit of the powdered enamel to the 
coaT;ti:4 saaicer, hut civefiy during the covering 
op.'.Miinp itself.* The object in a;] firms is to reduce 
t ) a iimdmum this over-amsum; oon of enamel. 
The wa^li-waters from the sep-aratc (.natng saucers, 
as wc.]l ns otiicr enamel residues, are collected and 
cardiiih separated according to colour, in order that 
some may ht directly used again aft^fr careful sieving 
lor tile first white covering, or rcmcltcd in the 
iurii.ke nnd avlded. to the colour enamel mixture. 
()rT\' h\ noting exactly the enamel entry, and com- 
paiiim ihe 1 il!i themonthlc production of enamelled 
wau wiP one he able to determine the true amount 
of eiau^el cons-mipaioag ar- 1 he in a position event- 
ually tv.) put a atop ^0 waste. 



CHAPTKR VI. 

FIRING THE ENAMELLED WARES. 

TiiL so-'Cal!cd burning in or tiring of the cnanullcnl 
wares is eonbuicteui ni the niufHe, .tiui has for its 
obiecT tfie fuMon tiie enaniel uiatinu. 

It has been incntn)fu.Ui that tiie iniriin-g in of t?ie 
gruLinb-enafnel takes pLiee at <i hiuh teinuei atiire 
(950-1000^ C.) aiivi requiies an average tune of 
3- 4-J- minutes. 'Ikhe whi'e coating am! also t!ie 
blue recjuii'e a soinew'mU lower ten;oerat in e (about 
b'co-o^c C.) . '-.1 a uiq-ation of 3?. -4 minutes. 

By an in'^uiheien.t furn lee ren^j ci'a! ure, or viiira- 
tion oi ! arnmg in, tlic ware deteriorates in 
lustre. 

At t( ' ’Viej} temperature th.e wiiite enamel will 
become gi.tssCj btsc its anb. appear eonimon. 

The projv,‘, fy <>[ -aanim n- ivie in probuemg op.icity 
Jejicnhs on the taa that, at a temperature up to 
, ’t remains finelc su-petukal in the molten 
ena i.el “"r’lrui bissoh u'uf but at a higher tempera 
ttire } arti.il stfluuon t A* ■> ij-i^e, with the fi^miat’am 
of Im i luau, whu’h .auses b.e white enamel to lose 
its covei u.L pow«r. 
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The modern furnaces have a muffle length of r§o- 
2*50 m., a breadth of 80- 1 10 cm., and a height of 
" 70-95 muffles are composed of several shaped 

"heces or form single plates, but the latter ^re less 
worthy of recommendation, l^ouble muffles, viz. two 
muffles heated by the same firing, are generally dis- 
advantageous, since in case of repairs the first as 
well as the second muffle must be thrown out of 
action. 

Acaordinc" to the mode of firinm the furnaces are 
• ' ' ' 

distin<unshed as direct, semi-gas, or regenerative. 
With the inire.ising* price of coal, direct firing is 
ai^so'utely ingn-of .ible, since a greater part of the 
iieat js d;ra\vn aw.iy unused into th'. conduits. Semi- 
gas tiring with stepped., plain, or fissured grates is 
most trimt worthy, especially in works of average 
size vlu're the heat is drawn away for use at the 

drviiig he.ifths. ^ 

Reuemmtive firing is, howcT^er, vdthoiit a doubt 
tlie be>t, because it is tt. dmicaily the u, ^ Cvimplete. 
'rile fuel in the generators is tninsformed) by in- 
lomplere distillation into carbon monoxide, and this 
com'nustible gas is burnt immediatejv to carbon 
dnoxide in the conduits of the muftl^fby union with 
the gicviohslv heated air. 

« b'oi^Th. rational canning out of the firing, the 
TtpeaKs; analvsis of the gases at the places where 
generatedi, M/. in the g.-neiilt. w as well as immedi- 
aiel\ m of the ]da^.e i'>i aimbustion^^and there- 

fore iwl MX union witii t!’c Lombustible air), is 
absolutel) mac'^'acy. f Thib analysis,# together with 
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the;, cxiimi nation of the conduit gases after com- 
bustion, iifFords the most certain guarantee for 
j'»roptr working, since it prevents the waste of coal 
and exposes v.ieiects. ^ 

It is importiint 'to know the content of carbon 
dio^uie anvl ^.irbon inonoxidie in the gas. Carbon 


•mo'i'. ' v u!c wines irotn to per cent., while 

jouJi ^c’lrrator gas should niJt contain more than 
'' per Lcnr. larbrni ddoxidle. Idirough man)' pener- 
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is fillui with mixture of pyrogallic acid (i8 gr, 
in 40 c.cm. hot water) and caustic potash (sp. 
gr.~r28) to absorb the oxygen in the generator 
pas ; and tlie last absorption vessel contains 
a cuprous chloride solution 1(35 gr. cuprous 
chloride 4 200 gr. hydrochloric acid and 50 gr. 
of sheet LO|'per turnings) to abson’b the carbon 
monoxides d'he nianijn.l.ition of the apparatus is 
simple, and the analysis j)erformed in a few 
minutes. 

(»as anah'ds should generally find an extensive 
ap' laatK)!! i;i our iiTdiustry, and up to the present 
tins ini’, been tlie i The saving in coal realised 
bv a well-regulated production of generator gas is 
\'ery imp^n*: uU . 

At Thl^ stage a few words must be said concerning 
another nncoairim’ instrumerit, the use of which, 
lor contrwiiiim the iurnaee tengi -'ratures necessary 
m. a nwlc-ri taitoiw', is invi-spensause 'hhis is the 
pmanneter or therniomet-'r. 

Disbi/Kiion mu‘'T be made betw'ccn the water 
pyrometer, Ja\ pvrometer or “ segerkcgel,” electrical 
aiul optwal jy\rometers. ^ 

d'he stgerkeuel (clay pyrometer) •consists of a 
small bakcvi tlav cone, which, emTesjiontling to its 
\arving/ c(>^iteni of alumina and silica, melts at 
'?!'dTerent tenuperatures. In the onamel industry, 
where th.e temp rjtures em^d'p.ed vary irom 800- 
<) C., ejay j^NTometers tj'oni Nos. 01 to ott are 

ehietly usl?!. 

The eonuectien Ix^wacn the nuipber, chemical 
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cogiposltion, and temperature is given by the 
following table : — 
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The use f'i the elav pyrometer -’eijuires time and 
isj m' *!"■; ,vcr^ expensive. In a special clay vessed 
a scr’e^ (f pyrometers are plaeedj sonu'where 

m beiV' :n ♦he fusion points of the extremes of 
wi'-ich ;hr tenp'Ci at’ire is bebeved to be^ *a4id 
pa’“*\ular ec'ne which melts after half an hour TT' 
noted, brom the num^c! ot the cone the tempera- 
ture pie^-'-'y: 's oTt ‘oe- i, ^ 

Niemens and flal^kc’s edre tribal pyrotneter, Lc 
Ch.itaher/’ e i/iceabh* nianijadafe. 
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The most convenient of ;il!, and the one from 
which the tcrnpeniturc niiiy nK)st quickly he obtained, 
is the optical pyrometer {luncltc pyromclnijuc) ^ow- 
structed by Von Dueretel in Paris. The principle 
Involved is the property of a shining body 
the red glowing miitile) to give a sensitive colour 
which may be denoteti by a certain angle of rotation. 
This angle varies accordding to the composition, i,e, 
colour of the light, and thereff>re according to the 
temperature. The anide of rotation corresponds 
tf-) the angle of the incnlcnt light of a glowing hotly 
ujam the [^!ane esf |'olinsation of a quart/, disc. 
This ap[\iratus, Ir the iorm of a small telesccipe, 
render*' reativ and satist:ictory sc'Vke, the mutiie 
Umiperature being read almost exactly in. a few 
seconds. The pt)int of the apparatus is set at vero, 
and it is turned! wliile observing the glowing muffle 
until the appearance i)f tne rose t:i>t. 

t 

After tins slight theoretic.d dcvia; we turn 
again to the filing of the enamelletl slxet ware, 
when (he I'dlowing might be mentioiusl - 

It wdl always be assumed that th<; position of 
the fuel chambers is umler and aboflt tlie mutrle, 
and that the combustion or union ot the gases with 
a^r tak^'s^pl;' e as far as possible at the fore end of 
^!ie furm.v;e. Where this is not '-he case, we shall 
see that the rea of the miiiflc will be overheated, 
and the part undt^rlicated. l'ii«i^efore the 

rear set uiVares tc; be fired wdl be finished instantly, 
. while in front iLe ob/eers placed these will not be 
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fired suflicicntly. Such an arningcmcnl will natur- 
ally not suffice, and there will he inconwnience in 
consequence. 

Odd wares sufter a deformation on tiniiLr, which 
must be set riitht again by treatment with a ‘•■uiiablc 
sha]'>e. The operation is known as ‘‘ Stdsselii ” 
(pestling), and must be performed immediately after 
firing, since the enamel h.as still a lier>' glow an^l 
will thcrelore }lelvb As substratum^ h'r the foian 
of the liot deformed obie^ts a [»erkctl}' srr)o<Kii hori- 
r.ontal iron slab serves, upon wliii!) an .i'>i>esri>s plate 
or a wovett asbesU)s cltnh is spiLaii. A ‘'Upjd'.mesU- 
ary shape of the fiad enamel cast ware is natuially 
impossible to (>bt;un, as well as unne^ess.uy. 

The enamellevi cist requires iiaan \i i; minute's 
for the proper burning in of the while ena’'u I. 

The outer black, tarry apjHaUcUKe runaim so long 
as the ware is underheatevi. 

"idle assor^'^icnt of the wares to [)e ti-cd ^Itoulvi 

K 

always take place Irnmcduately in iiont ol the 
separate * unaces. 

In evtnv well -condiu ted worK'- wheJi deptauis 
pritK'ij 'Ik on hat: i liuour tlie unavo’. i.iide waste 
sliould not eacee*! fi-'" per cent. 

A too sti'K^ superv’ ’on 'n ordier to redmee tite 

unavoi latdc waste still tinthe' is un'o".un#.d, Mu^e 

• # 

the e''gx!ise attaclied lo it stands ti) no rc!vii)or< 
tile ga 1 najunwi. 

The p^)h!enj derlitjg wAh ratio’uil sr^eiiiodS jor 
rcclaiming' ^h(*, cn ie w.(r<. from waste* rnamelle.d 
goods Can scarcely at the pA^setu tunc l»e said to 
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have been solved. The enamel is removed from 
larger and more valuable pieces, especially c.ist wn*res 
such as Oaths, by means of the sand blast. ^Thc 
removal oi the enamel chemically with fused faustic 
alkalies has nc’it up to the present proved satisTnetory. 
More Imj'-ortant progress in this direction appears 
to have been achieved by a new patent by Gustav 
S[nt/ of BrOnn.^ 

I he (ddeats from which the enamel is to be 
renK>vc\i are collected into a closed boiler and ! ^ated 
aT a definite temperature under pressure with an 
alkaline or acid soluUon of fixed coneeiiTration. 

rile object iiom wiiieh enaniel has been removed 
nfiy !)e rc-eiuimelled. The expensive enamel 
^.onsiituents may be reclaimcdi fiom the solution 
by well-known chemical jw'ocesscs for regeneratioji 
of the ^',atcT solutic'ii. 

dhis process actuallv pood results with 

many firms, works cvonomk'ally, a.. ' appears to have 
‘=:ue:eeded m solving tlie quc'-'tion o* the 

enariKl satisbictorilv from the waste e bv 

j - 

cuinomical means. 

A Few Remarks on Mistakes in Manu- 
faetisre and their Possible Clauses, No 

imanch of manufacture is dependent on sud't a number 
(d (actfii's for ‘^ucce^s as the cenunic Imlustry gener- 
ally, ami me enamel industry m p.mticidar. With 
the best c>t iiit ntionsand th<;gi eatest imlefatigability 
and cxoe’acTce, novel questiotm, Iresh nhenomena, 

% • ^ 

* r>. K i. Ni I7<'',30o, Ki. .iSf/. o 5, and forcMLni pateiu : 

I'loccs'i foi ihc rf'inu^a! oifcnanul troin enamel rh I objt\ lo.' 
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and new problems are continuously presenting 
themselves to the expert. 

From the evidence afforded by the most comj^lcx 
errors^, their cause cannot be fixed with certainty. 
The industry is unfortunately always depttid.enr on 
too many conditions, vw. tlie quality of the sheet 
metal, the raw materials, the water, tiie cotislruction 
of the furnace and temperature, on the healing, 
pickling, and enamelling, and tinally on tlie com- 
po.dtion of the enamel. 

It is souLtht, below, to brim^ :n a tabular \nvn\ 
the most important iailures .n coi^’iei t'-. 'U w:!i rht.r 
possible cause^, out the autlior wall aware oi the 
insutficiency and subjeanoty ot siwh a w.a*k. I I'e 
natir'c of the flaw-. a>cn'vd by d. ftereut f -.p^rt ^ t' > 
ditferent causes, eorrespon i,np to !ov.al rc-litmus and 
Individtual e>.per]eina>. A umlcaam law does n. it exist, 
but at all events the Taide simuld k'h iyr >er\iiL b) 
the compari^ n of observaiio-n- and invest, juuions : -- 

j' ' t 'aj's 1 a -fi j‘i I •. ,M M I' ' i i 




Firing 'jiie F.namilled Wares. 


9 / 


Ross: in I' Mi^talks. | Thkik PKoiiAiifx or I'obsniiE Causes. 

j 

Dove)' 'iniient uf hair-iikc j The ^lonml ouanicl js tm* li.uti oi yicld- 
cracLb. I in-^ m ]nt .pui tu ihi. DAei-tiifinioi, 

'I lit Hiullit Mil's Tul ii>/l enough ^ 

The oIhcI h.ul •licch IkuiiI at. the l)ase 
inst'Tei lil at the nJpes. ; 

Du imu iiis.teiit ui tfie c) ly. TetJ huge an . 

ainoiiM "1 f« !‘,j .1) in llu ‘Tiamtl , 

'1 he ciiainei to.iled loo ihielsl}. j 

I i 

I _ ! ^ 

' 1 ho -li'iri I after tiling has • Di i em.ti.aii. -n. 

I i 'lull iusUc. ' I he nn.lili v\a!)- M'lt Ui'ht. 

i i lii> huge a sUii'.i, stannu oxino, ni clay 

I' I contciii. j 

I Tin gla/i !<.') iiaui. ! 

» Tin; lilt. ai .-i vvata, when niampuhitiTig (he 

! liaM iiig Jii' <j 'ii/'vT.f > 

''l-jto’. li.uJ !-c.'T tiled icpealciily, onus- 
1 ! liig deMliitioalu.n t«. bol in. 

'• I 



n. v\s in 
111 u uHa 


th'‘ s]ia< t Tin'!.''. 
.1 ’.di" t 'M. 
LUiv. < it the ^h.-< t 



umI 
!uo ' 


r 


do\cyj' 'I he iiiiMs! iiiH" ’ he In on c.int.mun itcU I>y I 
I 'lorni-' suhsia s.i', .. ‘ r’. M h' ! , elo, j 

'I'he (i.m!.- u*iu • 

I and dca: ' '1 
T.a- ch.y C'o'it. ’-eil i.i;:. 

T'u I nanit'l m'.i'' i 
I 1 he waie had Ik'-i stood ' > hmy, iii a 
I tinisheil tiled, e >0 . 1 Mli-n lilt, glass 

j Olai t'tUincl hed ti . 0 , de's ide tioili 

i tilt an and tutii a'i|i,\.Ke hud, e.p 

I Avhc n (let oial' d • 
j The giitnling m . itoi M as O'li.t iniiniteil. 
j Adilihon t.i e\( css t't A'-hit'u III the uiiameh 
i .\et.'ss,ir, otH huv’n..tu.:> "f tiie diitd ware 
( u\ <•!'_ 'iiK ihii-t, lain, c^c. 

! lo im't d!u UMLin dt.ait'yed by plannig j 

t»! uics^ma. 


I 111 iuateo 

; ( 1 1\ fused I 



the i lie Mten-d ui.iy have 1 eei‘. (jjniieht d (ufiuc 

‘ ' I |)''rsj-ii''.g 1 uid, MiureMV 

! lO'iiKo'" !.i pi.Uks ul ilie tolourid 
, nu'taihi oxidt.s set.s in. 
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This table showing the manifold possible mistakes 
is capable of further extension. At all events it 
cmpl’.asises the indispensability of absolute cleanliness, 
strict supervision of all the materials em[>lt)ved, and 
the thorough control of each separate stage in the 
process^ even to the most minute detail. 



CHylPTER VII. 


THE DECORATION OF ENAMELLED 
OBJECTS— ENAMEL PAINTING. 

SiNCK the process of eniimellinp has noo^-her purpc'^se 
than to proN'idc an ohjcct madic from sheet or cast 
iron with a covering siinil.ir to poixclain in appear- 
is oinious that the eiiaTnel iiulustrv is not 
limited to covering ntensils witfi one or two coloured 
enamels^ hut that attempts have also been made to 
utilise the. secrets and art of porc'cLiin painting. 
The pi-ocess, from its nature, capable ol adaj'ta- 
tion, ami so it seemed Jesirahie ’h'U the white 
peme elaindike enamel surlace of a utensil should 
he decoratedi and painted. This new branch of 
enamel painting, a section of pcTcehim^ [Vuinting, has 
hei'ii lor a lonu time the ol'>jec1» of assiduous 
cx[>erinK'nt and indelatigahle care, with, however, 
contin^Kfd success. He who has opportunity to 
admire the often attistically tin sned and decorated 
enamel warc.> in the show-^isc, will be entranced 
by the vi^iety f>f the design and the d\tiiig'^hshed 
imprcssioif which many ('‘ the dectn-ated articles 
convey. 
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hi general we mav distinguish in the modern 
occupation of enamel painting three modes of 
decorating ciiamelled iiteii'^ils : the exclusive hand- 
painting for especially higdi-class wares, d.ccorating 
by means of transfers or impressions from etched 
steel plates (the so-called reprinting process), and 
tifiaHy the air-brush painting (^Spr'uzmulcf ci). 

Hand -painting in its artistic form is emr'b>y<-'d only 
for expensive arri».les such us toilet services, etc. 

The [>re}xtration of (.eranbu transfer pictures is 
similar to that of chromo htluyraphs, using enamel 
eohnn's. Chromo-litlnigrajdnc inrpressions are trans- 
ferred to paper, and smee these jiietures on ti*amler- 
ence would ad.here badJy to the emimel surlace, it is 
^irovjvksl with a thin coating ot cullojjon, whnl^ 
disapjxMrs when burning in lire jveture. 

b'or a loi'g time, in porcelain and enamel painting, 
the technical methov! u^cvi i( >r^ provinwmj tnncai 
(.oloiired s. daces wa^bv tovering tlie cnanui ^.f>]our 
with lins(.», di ami lavender oil, and shading awav 
the'-:- ^..rfaces bv moan^ of a linen pad., and this has 
in ^ater vears found an mciaa'ed use thrciiigli tin- 
dfis^ \’Lry of, .ur-brush painting. I'he coloured 
enamels corre^spon ling to the best od colours, 
whi.h ha\'^ hern very tinely grouiid* when 
moi-^t. are thrown by mea' s of air jnvssitrv iroiji 
the tube of a tprax ditfuser. In this way expen- 
suc <')l.a;ied surhees may be reproduced by a 
s !*"P'le nai^od. 

Bv US’ gg" pattv.rn'. made by^spray paintirTgt effective 
deco 1 at i on s art } >ro: i a cc< i . 
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The colours used in enamel painting consist,^ as 
a rule, exclusively ol an intimate mixture of natural 
metallL oxides (cobalt, nickel, chromium, mangjwiese, 
copper, lead, tin, uranium, and cadmium oxides) or 
metallic salts, together with tlic flaxes. 

The flux material, or sim[) 1 y flux (known as 
Fondant)^ is nothing more than a very easily fusible 
flint glass or glus of similar composition. 

I'he fluxes frecjueittly contain lead, since lead 
compounds inake possible a fiery, glossy, easily 
firsi!>le flux. Since the cxjlours for <.iecorating 
pur['OS("s ai'e only used lor external oriiamentatam, 
.uiv dcmgc r due to the use of ksnl flux is excluded. 
^feve^tlKless, a lead.-free flux is very largely eim 
pKn’ed at the [iresent tune. 

'Idle flux must liave a composition suitable for 
the various coloured bodies. 

A'.p., an easily fu^ible flux : — 

Flmt . 

Revi lead 

b'jscd. borax . 

F()r blue aiuj iron red colour^ : — « 

Ral k-nd . . . 75-So p:irts. 

Sily.i . . - ■’-? 25 „ 

Carmine flux foi ear’uine ijiul purple : — 

1 1 parts. 

V 

• 3 d 


IS' parts. 
• 4 '-' 5 ) 


Rc\t Jead. 

Sitdsw 

Fu'C'd br>rax 


.'i t) 
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For chromium hluc-j^rccn, etc. : — 

Red lead . . . *73 p-irts. 

Silica . . . . . 1 8 „ 

IF^ic acid . . . * 9 » 


Examples of an t^'dinarv 1cm ! 
Mint .... 
Saltpetre 
Stannic oxide 
Or 

Silica (j)L5rc uliilej . 

Chalk .... 
I)')iax .... 


CL flux : — 

VO parts. 

. 2*5 „ 

. 4 o 

. 0 y parts. » 

• “ 3 

.0 10' „ 


The flux is first of all meliCv^ in a crucilfle, iineU 
powdercvl, and ptound in tfic dry mill top'-ther witF 
the coh)ur suhstan'MM. 

The aJdiition of coloured bodies to the flux is 
made in var\ inp pmjxn'tions. The mayu’itv of the 
enamel works obtain^tlie enamel colours leady lor 
use from special Arms, a method more worthy ol 
recommendation than the prejMration of these i)ode.c‘s 
in the W('rks itself, 

Ttie firing of the decorated utensil requires much 
care and experiimcc, arid the dceoratio'n of the ware 
should take place as quiekly as possible, for it it 
be stored tc'o long^ then on fr'ing a blister develop- 
ment may posidbly take pLiee. 

Rcpardiirj further • artistic operations there 
remains lit^* more to be said, si nee the^^t are too 
many and various, and, nK)reovcr, are dep»,n<lent on 
the taste and e^xperienee of each separate worker. 



CHAPTER Vin. 


DECORATION OF THE ENAMELLED 
WARE— PH0T0=CERAMIC3. 

riii. intimate relation which exists between porcelain 
aiki enamel painting, as exhibited in the prodiRtion 
<if artist!', efterts by almost identic.il means and 
** methods, suggests the similar proviuction of photo- 
gr.ip-hs cap'able of being burnt in on enamelled 
objects. This kind of ornamentation has come to 
be a speual branch of our industry, and deserves our 
cliisest attention. 

The iM'eparation of photograpli’c coloured pictures 
cap.rhie ol beiiiLt braiuied nueN with little (’'ifiieult) . 

Usually tlirec processes are distingimhcd, but in 
prac tice the first is almost entirely used : — 

1. Pimcess using chromium salts ; 

(u) The dust process {J\instilHhrccr- 
f;h nv/), 

(/d 'rhe ]'’gtnent process, 

(() The light printing process ; 

^i!. Process using iron ehlonde ^ 

Hi. d'he ^ubstitunoti process. 
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The dust process, which is the most important and 
generally used, will now be described. 

Thi^ process wms invemted in i8 s9 by two French- 
men, S?dmon and Gamier, on the princij>le that a 
mixture of potassium bichromate and gum, albumen, 
gelatine, etc., wher^ exposed to the influence of sun- 
light, becomes insoluble. 

On a glass plate covered with such a mixture, those 
places which are protect edi from the action of the 
light can retain a colour penvder (in our case, there- 
fore, an enamel colour) when scattered, oxer, while' 
the iHumiiLited. spots ,irc not so* capable. In this 
wav, Iroin a positive photograph fin gliss jM'cpared 
in the usual wav, a poMtive impre^-sion nut)' l)e»' 
obtained in enamel colours, capable c^f being 
burni in. 

Six operations may be distinguished : — 

1. A Lda‘'s plate is covered, wi^h the mixture 

(Jironie gelatine) sensitive to light aiui then 
dried. 

2. Idle plate is exposed to light when under tlie 

posit I vt . 

3. d n • imag(?Js reiuleredi visdde by fusible colour 

powder, he. develop.ed. 

4. it is covered WJtli collodion, treated, with 

.dkaline water to dissolve the chromium 
comj'ounds, and transferred with the collo- 
dion la)a?r to me e>iame! idate. 

5. The c(/^<>dfon r' remo^vcsl by solution. 

6. I'iic u iag;e then burnt in. 
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The chrome gelatine is prepared according to 
various formula.*. A cold saturated solution* of 
potassium dlchromate (lOO grm.) in water ,,(300 
grm.) is made, and .tllowed to cof)l, • 

hurther, a second solution is pix'p.ired from : — 


Water . 

. I 1 . 

( mcipe- sugar 

. 50 grm 

(dun arahiv 

50 ,, 

I lone V 

. 10 „ 

>ugar 

. :o „ 

( d\ cl ruR‘ . 

j 4 e.i . 1 n summer. 

1 t c.c. m winter. 

.\ho.‘i(.l 

luc.c. 


$ 

I'lolh si)lutions jre c.uatullv iilrc'Cvi, allowevl to stand 
sca’cimI and die clear u]*j>er port ons poured 

oft mio clean !»r,'tdes. 

Imnu'd.: itelv hetore use (hut nc^t earher) lOO c.c. 
Irom (110*^11-1 hi>rtle are mixed with sO c.c. from 
rile s'vCu.iJ;, ami trie mixture ke]‘: '^i the dark, A 
Lurm:]' opaantitv is not prepatwl than vou he required 
Oil the same dav. 

A seL'‘Tid[ formula for the preparation of a fluid 
‘sensitive to is tile toll owmu * 

' ' t 


Water 1 00 c.c. 


Spi*ar . . . . 

(ium arahic . 

Poiassii m dii^hromate *. 


10 

10 


grm. 

)? 


4 ‘ s j? 


(I'arm and Aymard, the W'-ll known h>e\ch photo- 
terama. experts, prest rilK : - 
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Water . . - . 


100 ex. 

* Gum arahic . 

. 

5 

^upar .... 

. 

10 „ 

S.^turated solution <^f ammonium 


fnehromate. 

. 

2 5 ex. 


In Tiainp wcatlua* a little i^ra]>e-sipL''‘'r is ruldcd, and 
in verv dry weather only 15 c.e. ot ainniunium 
hie lironiate. 

h’or L'laNS plates, on which t’he ehronie p'Litlne i'^ 
Hired, Old)' [date-u'lass ib used, the si/c of whifh 
iniibt always be snirdler th*in the •(H>sitl vc, in oreler to 
a\'o:el fraeture by e\pansioii. I'he pl.'ite-plass nuist 
be niobt uirefuliv eleMiied. l*he solution is pioiueii 
on ill send-drarkneos, the plate bei»ia hel^i in.ehned.. ^ 
bor dauin^ pl<!pos^.s tine pbite Ian! upon a tidek 
sheet-iron slab about K x 2C tin., wliiJi ^tainis on 
twe) feet of K ein. and two ol 20 enn in height. 
Und.i.rjie ith a bp-int lamp is ’pbue^i, and Mu: wfiole 
warme 1 earciullv tc ’• one or two minutes. 

'Dic exp'Ooure under the poMiive takes jdace in the 
usu, I C 'oeino frame, the pkiss side (A the semdtive 
jdate !h nj i Uvierneath. live tune ol exposure in 
dte mo, is minute, rninutei^mn the shade, 

an i be e a photoimOer may be used with advantage. 
The H. in incident on the chrome-pelatiidse-d plass 
; late : uiders these places insoluble, and thc^'ch^it- 
ti''" tubii'ie colour powVwT streAvn over iyv meims of 
an aoseduteiv dry orirdi will not adhere to the 
e>:[a,'.ed j^Hos. The shorter th.e time of^ exposure 
the ,;uke Vvdd be the picture, t Ido. bemp the exact 
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oppos'uc to the silver chloride process. After 20 
to 30 secontis’ exposure a veil of moisture forms, a 
sign ihat the exposure should soon terminate.' 

Pile operation is best conducted in broad day- 
light. 

Hy sprinkling the colour powder the image will be 
slowly lievelopcd. I'he colour is spread over the 
j'late several times by a brush, and no loose particles 
of colour must remain avlhering. A correctly 
exposed ]>icture develops by degrees. I’hrough 
insufficient exposure and humid.itv of the materials 
a snieannc n( the ]ncture may take ])laee. 

d'lie pnJurc is riven washed to dissoK e away the 
•soluble Cnrormum salt,a!ui,in order nor to injure the 
pnturc', a e<xir ol eollod.son is g.ven to it. After the 
de\'elopinu p.rocess the pact are mav be retouched. 

Tlic tran'gereiKC o\ the image to the enamel plate 
is j^erfoianed bv tfie aid (d leather \’iscose (l litre 
cullodiioii and. a ] L.L, resin^e,, , oil^'. The picture 
is caretidlv Irecvl bom dust, the ; oep-ared collodion 
poured up(^n it, the :sv.turc lift'd by lia. corners, anei 
the L’liss j'lue laid in a d^^h with caustic potash 
solution (2 per cent.) until the }elK)w coloration 
has quite viisapj.eared. The picture* is piaied in pure 
waiter, wliich is carefully changed twiie, and to the 
last Walter a ftwv drops of nitric acid arc added to 
* prevent the dev eltcpment ot disturbing air-bubbles, 
d'lie pictu c IS iv.w trai\>le!Ted te) ihc enamel plate, 
alh)'Ved^io dry, aiul then imrnt in carefully in the 
mu file t/inacc. 

Sic'uK! the' onave be tr.tnsie.rrevi wntli the cedlodion 
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side ^undcnieath, then a reversed picture will be 
obtained, so that when preparing the glass positive 
allowartce must be made. (The negative is placed 
reverseif m the copying camera.) 

If the picture lic?i between the enamel plate and 
collodion, then the latter is dissolved iiy means of the 
following mixture : — 


Alcohol . 

Et her 

1 ,a\'ender oil . 
Turpentine oil 


50 c.c. 


Ih)r colours the orilmar\' eu'^dv fusible en<uucj ^ohuirs 
are U'-evi. 

'The second process, the process ot sprinkluig with 
iron chlorkie, is J.istinguished from the birmer in 
that the layer sensible to light becomes hygroscopic 
(ju exposure, and therefore the enamel colour adheres 
on the expose.! places. ^ 

Poire vin. otters the following fc»rmu]a : — 


Vd.iter .... 100 e.c. 

EetTiL rhlfirivic . . logrm. 

Tartarmacki . . . 4 „ 

« 

The cxp'isure lasts ^ ic"; minutes. 

Final!)', tlu substitution process consists ir^ the 
production oi a posit.ve collodion {'icture accorddng 
to ti. • ’ ’gatix to be copieV;, anti in this, hy treatment 
with* eold, platinum, or iridium chlorule solutions, the 
silver k Jeplaeet’ f . snbsliVuteii by another metal. 
I^'urther parncu[ars ar^’ tu be louiid in Dr Paul 
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Licscgang’s Fusible Photographic Colour Picmres 
(^Ph 0 togrt i p h is ch c S ch m clzfa rhen hi Li cr). 

The photo-ccramic art occupies In many senses an ' 
elevated position. After some practice the ‘produc- 
tion of relatively inexpensive ena'mel pictures capable 
of resisting wear and tear may easily and quickly be 
performed. 



CHArTKR IX 

STATISTICS AND GENERAL 
INFORMATION 

The enamelling of sheet aiul cast wares is almost 
txclusi\‘L]\' pert('’'MKsi hv harul Liluii.r, s’cinJn.ng 
application and manual dexterity o\ the uorker. It* 
is a fact wortliy of note that nat;f>T^^ called pro 
gressi^T — that is, whe) follow culture-.! oex iip.itiems atu! 
have an uiuieniahle inclination for itiventani ajid indus 
trial activity — po-^suss an iiure-asinuly small enamel 
Indii'^try. THt' snudlm^-ss of the enamel imlm-try in 
such countries may hi tivweal to three causes : scarcity 
of sufficient technical skill; nitare cxpensicx- tnode* ot 
existeiKC in> these cfnintries, with (.onseejuent higher 
waiges ; together wi*h the Ia*.k of the imost important 
mineral | roeim t-i ne«.e^sary for pi'odiucinct enamels. 
An indusery w'hvh de]»ends or, skdlevi handdahour is 
general!) not compatihle warh too hiifh wancie., In 
proportion as the wages oi all jdieesn'.e witli the 
^ time.., i ui as the standatVl of Ide oi the wamker is 
unproved, so must greater exerti<m be expcfided in 
order to u)mi!ensatc bv prog!a.gs in manulacVure for 
the inctanseu cost due ‘o rising wages, higher price 

1 u- 
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for materials, etc. If this progress should notjie 
caused by a rise, often too sudden, in the cosj of 
proLluction, then it must be due to more ecoiTAiiical 
working. I'.xperiments undertaken with the%)l)ject 
of re[daeing hami-Iabour by the*che.iper and more 
uniform working power of a machine have, in 
contrast with all other CKUJpalions, more or less 
missed fire in the ceramic and. enamel industry. 
Lvery so-called coating machine vicsignccl lor (.o\'cr- 
ii^ objeas with enamel has been up to the present 
far removed from being a really etbcient sid>stitutc 
for hand-labour. The difficulties in constructing 
such mat hines riviiLuIe the inventive pov er of the 
cTgbieer, espeually those concerned with wares 
^nodii'.ed in man\' kiiuls aiui hi/ -s, and in partTular 
with the complicated rcdling motion requisite lor 
correct covering. 

It mav, hf)wcver, be premature to exclude the 
possibibdy of stioncr (n- later, < 'mstriu ting a rc.ilK 
success! id coating inai'hinc, since ’’-e first stc’ps iiave 
already beeti taken. 

Another [>ressinLr question, lull ol vieep concern 
to the interests of many firms, is tiic ijianagement of 
the \vork>. 

It IS necessary in many firms to work in tw'o 


sectioint, via. d.av tuni nteju. TIua is so oiuiously 

t • * ' , 

a nuisance, that every firm slmuld end.iavour to 
woik exclu^ vely by day, vviTh the natural eweeption 


of tiie 
Most { 


ful tuice andi some 
n^nel works, die iT 


tuner special operations, 
in.latitin of wliich dates 


back thirty to ftMty years, began^ business in a 
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way suitable to the condition of the industry at that 
time, on a small scale. By the unprecedented 
growth of our industry, it has been necessary to 
enlarge, the plant, and this with as little disturbance 
as possible. These extensions alw^ays lagged behind 
the increasing demand for enamelled goods, with the 
result that in the majority of works there was a 
permanent lack of space, necessitating two shifts 
working day and night in the factory. 1 he mani- 
fold inconveniences attachcvi to the night-shift frenn 
a productive, qualitative, as well as from a h}gienic 
aspect are obvious, and it is just these facts whiJi 
give a certain superiority to many of the more recent 
firms that W'Ork oidy by day. 

Competitors of Enamelled Kitchen 
Utensils. — xA^crording as a definite branch of 
industry is understood to be in the asLCiulant, c.uiscd 
hy growing need and intellnw-n^e in the use of 
cominon utensils designed for greater ccMivcnunce, 
so will the indefatigable inventive spirit of man- 
kind ever seek to displace an older industry by a 
new invention. 

The unexanipled success with which the cnamJ 
industry has iisplaced the unsuitalile, ungaiiil}', 
easily broken and therefore expensive cartiienvare 
from the kitchen, has in turn encouraged cKliers to 
siq'jplant the enamelled utensil whth purely metallic 
vessels, such as nickel, aluminium, metal- plated, and 
other varieties. On the whole, however, this has 
met with Httle success. 

A nickel v-ssel wall always be a luxurious kitchen 
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utensil, and the spending capacity of the majority of 
consumers is limited, apart from the fact that the 
enamelled vessel is easily cleaned, and its appea’-ance 
preferable both from a hygienic and aesthetic stand- 
point. The slightest amount of dirt is detected 
with ease. 

Aluminium has generally proved disappointing, 
and has not fuliilied the great hopes entertained for 
it. More recently the proper channel for the use 
of aluminium has been discovered, which, however, 
is not to be sought for in the manufacture ot house- 
hold utensils, but in the great utility of the alu- 
minium alloys for certain technical processes. Sheet 
rbuninium is prcjjarcd to-day witli a purity of 98 
per cent., and exhibits among other things a peculiar 
behaviour towards water, and particularly towards 
moisture. For long the phenomenon could not be 
expliined, viz. that aluminium utensils, which had 
been full of pure' water, were afterwards frecjuently 
found to have undergone decomposition, forming 
aluminium oxide or alumina ; and in bkc manner 
many an inoffensive beil-warmer made of aluminium 
exhibited after a little while a periorated surface. 
Tliese perfoixnions are surrounded by little white 
incrustations of the decomposition product, vi/. 
aluminn. 

* Isxperimcnts have shown that aluminium utensils 
which have not been mo>t caiefully dried after 
use (a particular in housc-kcc[)ing which is never 
the case), under the influence of the moisture left 
behind and of the air, [probably generate a feeble 

^ 8 
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galvanic current (aluminium, nickel, or iron content 
— 2 per cent., and carbonic acid from the air), 
whereby the water is electrolytically decomposed, and 
the o/y}^cn so formed causes a partial oxidation of 
the sheet aluminium, forming a white incrustation ol 
aluminium oxide. If added to this is the difficult 
process of cleaning, the small mechanical resisting 
capacity of sheet aluminium, together with the 
price, it may safely be said that no serious com- 
petition is threatened the enamel ijidustry from 
this quarter. 

In another direction, too, the same apjdies. To 
the degree that our industry has progressed, by 
virtue of which enamelled house utensils a.e 
produced at present absolutely irce from poison 
pleasing to the eye, dura[)lc and inexpensive, no 
noteworthy advance of the purely ceramic industry 
in the direction of manufacturing kitchen utensils 
can be recorded. 

In addition, we have to note the versatility of the 
use of enatnelled sheet or cast vessels ior technical 
and hygienic purjK)ses, such as the manufacture of 
door-plates, trade and iiuiustrial appliances, wainscot 
[dateSj hooks, scrt.‘ws, tubs, bottles, baths, wash- 
basin‘s, water-closets and pij)cs. 

Gome Statistical data, taken frc:)m the bo^ik by Dr 
Hermann Wuppcmiann already cited, will best illus- 
trate the progress of tht industry, especially in Ger- 
many and Austria-Hungary. To give fibsolutely 
reliable statistics of a relatively modern industry, 
taking irJD account the origin of the manufacture, 
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the ori^^inal methods pursued by diiderent fijms, 
wages, and balance-sheets, is a difficult matter,, and 
only capable of partial solution. Yet every stage in 
this industry must be regarded as progress.. 

As to-day we see the ramparts of many a town 
pulled down to afford the inliabitaiits more space 
and possibilities of expansion, so also in the 
enamel industry, corresponding to its progressive 
development, will many a cupboard, hitherto jealously 
lj)cked up, be thrown open, without iijjry to the 
industry. True progress is rather to be sought 
in the training of a capable works personnel, in 
conscientious management, and in industry and the 
performance of duty on the part of all those 
^ employed. 

In the year 11^04 there existed about 71 enamel 
firms in (Germany, which were spread chiefly over 
Sax(my. Rhineland, \Vest}fintiia, and South Germany. 
The active capital in the G-*‘-man enamel industry 
is estimated at ab(Hit 2.\ to 3 millions sterling. The 
number of workers is taken in (lermany as 22,000. 
In Austria-Hungary 12,000 wen'kers may find em- 
ployment m the enamel industry. ^ 

In addition a large numi)cr of .workers arc in- 
d/irectly engaged in supplying the great demand lor 
sheet-. netal, paper, chemical products, etc. 

The output of the separate works is different, and 
depends on the locality, management, and intelligence 
of the ¥*forkcrs. On<; firm will produce more with 
the samg number of woiKersthan another.^ Iscjually 
decisive for the output of a works k the complete- 



it6 Enameliing on Iron and Steel. 

ncs^ of its technical equipment. The quantity of 
enamelled sheet ware produced per annum in Ger- 
rnany is estimated at 70,000 to 8^,000 tons. As an 
average price per kilo, ol enamelled ware 8 id. is 
accepted. 

Single enamel firms show a yearly total of 
/,'400,000 to 7,4^0,000, and it is worthy of note that 
there is a continual tendency to enlarge existing 
works. 

If the average A'alue of the forged sheet metal 
be statcv.! at igs. per 100 kg., then the average shect- 
metal consumption per annum for our industry in 
Germany may be put at 70,000 to 85,000 tons, 
with a value of about 7,850,000 to 7,1,000,000 
sterling. 

The highest [>rlce for sheet metal was paid in the 
year 1899, and wais 32s. per ic^o kg. 

The iiividendis paid by the larger firms vary in 
different years, and, for example, in one firm were 
lo percent. (1898), 12 per cent. (iHpcj), 8 per cent. 
(1900), 4 per cent. (1901), 4 per cent. (1902), 5 per 
cent. (1902), 7 per cent. (1904). 

The numben of wmrkers engaged in single firms 
vane- irom 30001 to 4000. 

For lighter work many women are engaged. The 
dangers t^ the worker in the enamel industry are, 
apart from the crude -waire manutacture, insignificant. 
The average working period is ten hours, but the 
furnace workmen arc divided into three sections of 
eight hou 23 . 

The cdstoms comparisons for different countries 
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throw considerable light on the enamel industry, 
which exports a part of its produce. 

SUMM\RY OF thk T \\i:s tj-vifd on ENA:\i!:i.Lr.i) Shket- 

MhlAl. r'll'NMLS 1;Y l)lFI‘E14KN'r S I'A I KS.** 


(»ern\any 

. 7 ;t) 

]>cr icx) kg. (per 2 ewl.). 

Austria- Hungary . 

. 4-2/6 


Sweden . 

- SS,'’ 

11 

United Stales lA Ainei a .1 

aho'U 0 

„ „ (jo’ ul the value). 

Uelgiutn . 

„ loT) 

.. (!>' „ )■ 

Frante . 

• 24/0 


Swit/erlind 

• U > ! 

'J "1 

Russia 


'I n 

Rouinama . . , 

. Me 1 '( > 

„ ,, 

Italy 

. 24 0 


Spam 

• 

,, „ 

a'urliey . 

ahunt 5 7’j 

{ S ' i)f tlie value). 

Denmark 

. 7/6 


The Mcthei lands . 
Cheat lliilain . 

- 3 . ' 

' S/ » jj )• 


Taxes on sheet iron when imported into Germany, 
accordiTig to tjje recent German tarlfi of 25th 
December, 1902 (Items sheet metal : — 

786. Crude, forged, turned, dressed, varnished : 
In thicknesses of more than i mm., 30s per ton ; in 
thickness of i mm. or under, 46s. per ton. 

A comment on items 786 and 7^8 is Important, 
viz.: — “For sheet iron of smalktr thickness than 
5 mm. which is cut otherwise than rectangular 
(/.e. •rolls) the tax is increased 25 per cent.'’ 

l^hnally, the export of enamelled sheet utensils from 
Germany may be noticed. 

* The cUiLi arc likewise tnkin ftom the woik Or llericann 
Wuppcr/.iann, eut'lkd ZV/* //.(/<■. .i/M' e/ the McLil 

Utaiiils /n (jt'f many. 
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Enameii-ed Wakes. 


Tulal iinpoiF . &i* 

V line in slcrlini; 

f } Lvn 

|<’iaricc . . 

Vain.- 

Austria- H\ini,';a» y il/, 

\ alue 

SwilA.iland . d/,. , 


1907. 

1900. 

1905. 1 

1904. 

1003. : 

1 

1902. 


5 , 7 ^d 

3,45 >1 

3,612 

i 

.5,059' 

1,^72 

iSjoo 

2 b , ! 00 

1 


1 ^,600 

i4,?>50 

18,400 


266' 

944' 

1,034 

1,240 

1,125' 


1 ,2<>'> 

2.450 

2,7<)0 

4/»5o 

5,350' 

i . 8 JO 

1 a 

I.531! 

1,571 

1,613' 

1,4.14 



1 10, 


7,450 

6,050, 

6,8uo 


4-''9 


<'^7 

431 

46 


i 2.45.. 

2. K >. 

45'^ 

i i';0, 

1 

200^ 


I'ot.d ; 

. d/ ’ 

495,149 

2S8, 57 3 2«)(),2 1 8 243,44 1 2 38, 65S_2t 

Value 

‘G75-750 I 

1 

304,85095^8,4008 

54,05' »'‘835. 300,0. 

1 

To 

. tL ! 

1 

4.347 

i i 

t) 209 11,066, 

I 1 

b.oO 3.75'i 

\alu- 


40700 30,85^1 

21,2501 20,1501 

' Dcnni.uk . 

, (1/. 

4,147, 

5,2.0 : 0,2.7 

6,7.44' 0,3.191 


Wd'iL 

— 

23, 3' 33-15'' 

2 3,OufJ 22,200' 

' France 

. d/.. 

4, '"^73 

5.5‘i7. 5,100 

5,410 9.845; 


\ ..lue 


20.050 18,400 

68,950^ 23,950 

Great llutani 

. <1/ 

48,404' 

5^485 45 45f»' 

45,494: 4^.087 


24S,2 5o 103.600 

5'), 150, 171, 450^1 

Italy 

. d/. 

J4.0.M 

13,098 i -;,774 

10,717; ^^.7'83, 

\ ahn- 


61,750 49,000 

"37,500 30,750' 

1 lIolLind . 

. 0/ 
V.d'ie 

22 T(>d 

^ 21,878 31,934 

102,01 m'I 13.900 

29,719 27,043 
04,000 9,465' 

Norway . 

. d/.. 

1,804 

2,t2‘il 2,019 

2,40(»^ 1,588^ 

Wiiuc 

9,900 72,5110 

84.500; 5.550I 

' Austi a 11 'inn iiv d /. 

‘ 3,447 

3,825 4,697 

4.15I1 3w59i 

1 

\ alue 

! 

17,050, 10,900 

14.5501 31.50' >; 

Rus-ia 

. <1/.. 

' 24.101 

iS,o(>5' 10,326 

14.123 14,430, 


V.dne 


85,5ooj s^^'lSO 

49,450; 50,500; 

irnii.ind . 

d/. 

i 2.160 

1,263’ 1.144 

i,o.j3i 95^; 


V.d.iir* 

U - 

6,200', 4,050 

3>950, 3,350| 

' Swit/e' 1 ind 

. dz. 

1 4 550 

fn2i2, 9604 

6,650' 6,202 

V.diio 

! 

29,050' 34 Suo 

23,300 21,700 

Spain 

. d/.. 

1 <1.5”' 

1 

9.390, 5,002 

3/754 S/04: 


Value 

3. ,, 550' i8,20<» 

13,15**; 19650', 

' Tark' y m Fi 

lopc 't/. 

i 4,379 

2, <>891 1,300 

1,558; 1,179; 

Value 

— 

10,. .50: 4.700 

5,450. 4, ioo| 

j TuiLcy to A 

la dr. 

1 1,359 

:,u2j 1.158' 

'1,092! (935 

Vaiue 

1 

5,450' 4,150 

3.300 

- Fjiyv ' 

. dz. 

3 "143 

2,4(-6; ^ 1,944 

4,945 3,^J’9 


3 alae 

1 

11,450! 7,000' 

i7,3'’*> 13,350 



^ 1 )/. 

Stands fur 2 cwl. 
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En AMKL i.Ki) Wakks — conintued. 


Erilish S. Africa d/. 
j \'aiue 

IJritish W. Atiic.i dz. 

ValiK 

i lirilish India • d/.. , 

I Vahic j 

; Straits wSttUfUJ^nl^d/. j 

Value I 

d 


1907. 1906. 


Clnua 

Duty'll Indies 

• 

Aii;(‘nMna 
llra/il * 
(’hih 
( '(iluial)ia 
' Cul'.i 
, NUxum . 
i I 'fill 

, Tim nny . 

I \ eiit ai'-la 

ir.s.A. . 


VaUu' I 

. (1/.. i 

Vahu-' 

. d/. ; 
V'aluc 
. d/.. i 
Value '• 

. d/-. i 

Value ' 

. < 1 /. ' 
V.d'i'^ ! 

. d/.i 

\ .due 1 
. d/. ; 

ValiK ■ 

. d/.. 

\‘ due • 

. d/ • 
\ .due ! 

. d/. 

V .due I 


4 d>Sij 

I 

4 kP 4 ! 

- ^ I 

I.n 475 j 

i,4f^7j 

3^477! 


V.duel 
; i'ederal Austi.dii d?. 

\'alu. 


1905. ' 1904, 


.3 

16,9661 

i 

lu.iosi 

i,S99i 

4. 

(S.zdl 

2,')05j 

2.512] 

1 

- 677^^1 
‘^) 799 , 


4 . 7 ^ 

22,051 

3 i«i 9 i 

14 , 550 ; 

I i,8i6| 

57 ,iot> 

2 .O 09 i 
9 ,.S 5 (Ji 
4 797 
23.21M), 
V 49 ^ 
i6.t»oo 
12,044 

57-450 

13.944 

» 

7, loS 


i, 9 S 9 
9 . 4 '>->: 
3-97 ' 

6 ,os 7 

3 .v 40 o! 

leiSg 

0,400 

1,050 

9.4 'HI 

l,24v^ 

^ 4,544 

IK, !Oo 

32.3"^ 


4,482’ 
16 1*50 
2,569 
9,250 
5,^63’ 

20,400' 

1 , 355 ' 

2, 1 36I 
7,700! 
i, 97 Ji 
7,6' lo; 
10,518' 
57 ,^ 5 '’. 
11 - 5^3 
41 700 
7 541 
: 27 ,i 5 ‘'> 
2,1081 
: 7 , Ot-H 

).( 72 , 
1 1 ,o 5 ’‘ 
6, 520' 
23.500 
2, 1 8 

8,< XV) 

1,676 
bct, 500 

1-321 

4 75 ^’ 



4,284' 

l5,cxjo 

2,539 

8.900 

11,573' 

40,500 

1,112' 

3.900 
I,K >9 
4,lOo| 

1,644. 
5 - 75 ^^ 
^5,96 ) 
3 '> 35<4 
10 022 
35 . 5 ^’'* 
5,292 

18, y.)u 

j 3,018 
10,550 
2,788 
0,70 ' 
5,487 

19. 20 J 
2,226 
7.8'Ou 

774, 

2,700; 

2,045 

7 - 15 ^' 


65, oy.- 

5 - 332 

l9.2eK' 


86 1 


5 s 5 .V 

1 5'7 

lluOSKI 


1 1 ,040' 
3 ^d> 5 «, 

2,339 

8,200 

11 , 355 ' 

39.750'; 

8761 

3.050; 

1,982! 

0,950’. 

951, 

2,300, 

7 - 74 <'i' 

27, KK1 
7,20V 
. 2 , 5 - 4 ' 

5,002; 

1 7 , 50. )■ 
2,OOS 

7,250 
3 - 2 'M 
(1,400 
4 546 

15,900 

1,411 

4 95 *’ 
i» 3 i‘\ 
4,600' 
1,241 
4 . 35 i>i 
16 725 

58.55^ 


9,710 

38,800 

2.207 
8,900’ 

7,231 

28,950! 

879 

3 - 500 I 

1 - 457 , 

5,850! 

979 , 

3,900 

2.208 
9, KJO 
7.«87 

3 i» 55 i 7 

3 .t» 69 , 

12,300, 

982 

3 . 9 si^ 

2 373 
9, 500 
4,426 
17 , 700 , 

1 .667 
6,650 

709 

3,2'K>' 

6881 

2.750: 

21 , 5 ''.): 

86 , 250 ' 


I — 
I 


I 


The dashes in the preceding talTics mean that the 
rcspe'tive entries accoriling to the official st.itistics 
cannfK, .it all events at present, be given. 

We see from the foregoing tables the economic 
signifie;aii;c to which the enamel industry has attained. 
At the same time, howiiver, the infere-jce is drawn, 
tliat ill proportion as our industry ha^ spiread in 
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different countries, the natural endeavour of each 
govenimcnt has been to protect its home industry 
by high import taxes. The enamel industry is there- 
fore always compelled to capture new markets, and 
by strenuous labour’ for fresh progress, for improve- 
ments, and for more efficient methods of working, 
to meet the difficulties of growing com[X‘tition. Yet 
the greater the obstacles are, even more so will the 
spirit of invention work for the building up of our 
industry, and give always to our manufacture a new 
direction and a new impetus. In the economic war 
waged in all departments of industry, the palm of 
victory and success will fall to tht)se firms that study 
the nKxlcrTi technical aci]uisbions, and unreservedly ’ 
put into practice the doarines of technical science. 



APPENDIX. 

liXTRACT FROM THF: HISTORY OF THB KNAMEL 
ARTS AND OF ENAMEI. ORNAMENTATION. 

l^'oR a complete uiKlcrbtaiulin^ of ihe natuial e\'o]iition of 
tlv i\io(Jcrn enamel industry applu'd to iron, e kiu>wled^e 
of tile Instor) of oui jiredecehs.irs in the enamel arts and 
enamel painting is necessary. 

'The enamelline, of metals is of {jieat antupiity, and the 
.!rt has piobahly come iiom the Scythians, who introduced 
lit into China at the time of tlie Kmperor Thiiiwonti. At 
all rveiU; the art was known in India heftire its introduction 
into China, 

I'he E;,^yptians, Phirnicians, and Assyiians had already 
prcjiaied enamelleu^ jev^llerv, but during the period of 
cla>sical cultuie the arc lem.uned t*'^rientai, since neither the 
Cjj'eeks nor the Romans accomplisliLd anything noteworthy 
in tlu.> diiection. 

T’he principal producing countiics remained the Black 

Sea teiiitories of Peisia and North iiuli'^, and from here 

the Bv/uUines transported the art into ‘^Kui >pc about the 

elei'cnth century. d'he industry flourished especially in 

Italv^^hhance, and Cential (jeimany. Already the Aiero- 

\ingian ^ ptich contained the rudiments of a primitive art of 

(uiam< thug bron/a uti nsils In Hy/aiuine fashion. 

Itmay^airosl he adirmed that up to the above period 

the enamel arts bLlongcd to* barbaiic civiiisatVm, while at 
^ • \ 

this rime the Indians of the Punj.iub and the Persians 

lai 
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created truly masterpieces. These were the Sikhs of the 
Punjaub, who employed enamels in the artistic crafts of 
Central India. In l>ahorc, the capital of Central India, 
the crudi' enamels were prepared from most remote times, 
and to-daV these are sent to the Indian artists in Dje'ipour 
and otfier places. I'liese latter understand how to prepare 
truly arlistle enamelled utensils, hut Jiot the crude enamels 
themsc]\es. I'he artists of Lahore, Benares, and Lucknow 
still enjov great authoiitv. 

In perfection these enamels were only eunalled by the 
French, and but jjartially excelled, as we shall Icari^ from 
the folK>wing short history of the enamel arts and enamel 
painting. 

Fhe original piocedure for the preparation of artistic 
enannlled utensils wa. the so-called ““ champdevage.’' For-* 
tions of metallic objects were excavated, the intermediate 
parts thereby weakened were shaped into ornamentf, and 
the cavities filled with dihciamt coloured enamels, wliich 
were then fired. After cooling, the object was ground so 
that tile iiKt.ill'c edges appeared as the c-nitlme of t-he orna- 
ment, 'I he ‘'‘email chamjileve ” was jirincipall} used in 
Rliineland and J^imoges. 

'Lhe second mode frecjuently employed, w^hich at jireseiit 
has alniO't been lost, is characteiised by the enamels being 
in celh each containing several colours, which were formed 
into t»eotnetncal ‘Igures, unless the intermediate spaces 
hetw’cen the separate co’u>ured enamel celL had been formed 
by rneL'dlic strips. I he most aiuic|ue objects dis-'-iOvered, 
made o^^ enamelled bronze, w'ere principally equestrian, etc. 
Next './ere lound in iH66 artistic enamelled bottles in 
cnfibash form among the ruins of ancient Pinguentum 
(^o km. from Trieste), with ..medallions of Antonius the 

Piou’, ihi). 
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At the begijining of the fifth century the barbarianii 
overrunning Europe introduced another artistic enamelling 
method, viz. the “tunail cloisonne.” The ornamentation 
on the fnetallic surfaces was made with metal strips^ which 
were soldered or gummed on, and the spaces filled with 
enamel, thu^ obtaining a brilliant mosaic. As the most 
anti()uc exam pit of this art may be mentioned the sword 
and jewels of Childeric, king ol the b ranks (465-481), dis- 
covered at I'ournai in 165^. 

'Ehe ‘‘email cloisonne” was in the possession of certain 
fai^iilies during tlie Middle Ages, and was then known as 
“electron.” Justin 1 . (518-527) sent to Pope Hormisdas 
ail enamelled hiiiip [[[('ihatam i'hkhniam). 

We have to thank the monk 'Eheophilus,* who lived in 
t^e eleventh century, for many valuable historical communi- 
i;atit>ns respecting the art of enamelling. In his work 
Theopliilus is also designated Rutgerus, whereby the theory 
of certain arch.eologists appears confirmed, viz. that a 
portable altar, w<;rked in silver, which is to be found among 
the catlie<iral treasut^ at Padeiborn, had been finished by a 
monk Rutcheius at Hclmarsbaii'cfi in Franconia about the 
eleventli centuiy, who mav be the 'riieophilus mentioned. 

'I’o the most anticjue objects of the “email cloisonne,” 
which arc, together with the majority at this period, of 
Byzantine origin, belongs the famous iron crown of 
'Eheodolinde, crowned queen of Lombardy (a.d. 625), now 
in posses^^ion of the Cathetlral of Menza, near Milan. 

'Fhe shrine relics of the 'Erue Cross in the Church of 
b\ (icnrce at Limhurg (Nassau) are among tile most famous 
of the enamelled gold vessels. The following also belong 
to the eleventh centiirv : the c’ght valuable enamelled ^nild 
plates whicli were discovered jn rHOo while tilling a field 


DiVht \a} u)n o>iiuvi uhcitula. 
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in Nyitra-Ivanka, in the Ncutraer Comitat, in Hungary, of 
which seven are to be seen in the museum at Budapest, 
tiiesc probably constituting the remnant of a crown ; and the 
hgurcs of Constantine, Emperor of the Romans, also of the 
Empresses 'Fheodora and Zoe, daughters of Constantine 
VJLl. Ehe crown of St Stephen iji the castle at Buda- 
pest, winch was presented by the Emperor Michael Ducas 
to King (je//a E of Hungary (aj). 1077), belongs to the 
most noteworthy of the Byzantine enamelled works of art. 

It may be mentioned that the By/antine enamel artists 
were familiar wdth w'hite, fiery-red, bi own-red, deep-blpe, 
grew), and blaik. enamels. 

In Cjermany the Byzantine art wms introduced under 
the reign of Otto IE, son of Otto the (jreat. Otto IE 
married in 971 7 'heophanie, a daughter of the Romatx 
Emperor at Bvzantium and granddaughter of Constantine 
P OrplnprogenetLis. 'I'o the nu^st aiuiquc art vessels of 
this period belong the three gold crucifixes in the church 
at Essen (already (»f Oerman origin), wdnch show ins\ifficient 
technical knowdedge. Henry IE, the llaint, encoiuaged the 
art of enamelling and brought it to a higher perfection in 
(jermany. About this period we meet for the first time the 
expression “sinalture for enamel.* According to Eittre, the 
name email or ‘‘ csmail ” is dciived from the Old High 
(ferman ‘Smel/^-en,''* smaltzen,” or “ schmelzen.’^ I'he 
Geimans were tlH‘ fiist to enamel copper objects in place of 
gold, whereby the art was greatly extended. At the same 
time the technicjueof th^ “email champkye” was ^iaiT)lihcd. 

I'he diffictdty of pieparing certaiji parts of t)ie body in 
enamel caused the Cierman aitists to execute the head, 
(eg ., and hands of figures in metal, and only articles of 

* Ajinstitses, 7 he I i/t »J Leo IV, (Gceiru. ct uuugaiUUi u. c. snialtis 
optimis aJai 
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clothing in enamel. Yet a further and later development 
caused aii economy in metal for the whole figure, only the 
exterior being filled out with enamel (see the church 
treasures in Bamberg, Cologne, and the so-called oCjuelph 
jewels, etc.). From Cologne tlie new Rhenish art spread 
from France to Verdun, where at the beginning of the 
twelftli century a celebrated goldsmiths’ school was founded. 

This school belonged to the famous Nicolas of Verdun, 
who, in the College of Klosterneuburg, near Vienna, pre- 
pared the altar-cover or antependium in 1181, which was 
recast in the fourteenth century into an altar-toi>.^ About 
the time of Nicolas of Verdun the development of a 
specific French enamel art took place (the so-called school 
of idmoges).j' 'I'his ^chool rests on the Rhenish technique 
(l:hampicvagc), and from now onwards runs paiallel with it. 
^As an example of this period may lx named a plate showing 
the visitm of St I' rancis of Assisi, m the laiuvre at Paris. 

'Fhe enamel arts of the goldsmiths at Ihmoges continued 
to grow in importance, the artists of thi' town being 
'^ummoiml to Engliflhd and other countries. This French 
school so()n confined itself to enamelling the fonds (back- 
grounds) of artistic vases, while it d< sui ted the real gold- 
smithing, i.e. the artistic execution ol figmes in gold, and 
quicLly conveited the art into an industiy. 

Idle cloisonnage of the enamel, which on account of its 
technique gives to ornaments and figures .n certain ungainli- 
ncss and imperfection, was, after an interval of a century, 
fiist syjiplanted by the daintv, aitistic, even if expensive, 
champlevage.'’ This re\ival is ascribed to the ait of fohii 
of Pisa (12.50-1358). Fiom flaly the ait of the “email 

« 

* G Heulcr, The -top at KLm Vicnn:i, iS'6o. 

t Edj GaiuK'r, Ih^antc dm la tt de /'Tt/.’ezivfjr/e ; Eiiiik 

Moliniei, Diclwimuire des Eh xilieiDs^ lSi{5, 
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champlev(^ ” made its reappearance in France, Germany, 
and^FIoIland. l^roof specimens are to be found in the Bene- 
dictine monastery at Maibin^en, near Nordlingen, in Bavaria. 

As further technitpie, the translucent ‘“‘a jour cloisonne” 
technique must be mentioned. I'he most antique works 
of this species are found mentioned in the inventory of the 
Vatican {€s}nalta claru^ I'snuiillto per quod vuittur du'sY A 
beautiful goblet of Cosroe 1 ., king of the Persians (a.d. 57Q)) 
may be mentioned among the oldest dihcoveries of this art. 

P'inally we come to the last variety oi the artistic 
enamels, vi/. to the eiiaimd covering on previouFlv worl^ed 
metallic objects, from which art our {)resent non enamel 
technique has finally evolved. 7 'his artistic enamel first 
appeared in the fourteenth century in 1 * ranee, Germany, 
and Italy. In the chapel at Alt-( letting in Bavaria L. 
found the so-called ‘^‘■Golden Rosscl” (?teed), a magniiicenr 
specimen of this art. 

The gradual decay of the art ol idmoges in th(‘ 
preparation of email champlevc” began in tlie lifteeiith 
century. Forced bv adverse eiicumi^uinces, thci c artists 
discovered an enamelling piocess which would resuscitate 
the Limoges school and its art to a new hfe.^ 

'The masters of rdmoges soon understood liow to imjness 
upon the artistic trade engaged in preparing enamel plain es 
the stamp of tigie art. Fhe most fimous rejircsent.itives 
in this movements were Nardon Penicaud (i5('>3) and Jean 
Penicaud. 

About 1525 the art of enamel painting leven'eil a 
further impetus ihnuigh the ^o-cullell “enuiil in grisaille.” 
T'his simple process permuted the be.^t artistic eflects to 
be produced, and consisted essentially in thiU a thick 
black enamel layer was fused, upon enchased and cleansed 

* Claudius ri)p<.lm, L*A?i dt V Email, ib6S, 
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Copper objects, on which substratum a thin layer of wfiitc, 
biiely powdered enamel was placed, which after drying 
alhwed tlie black substratum to shine throu'^h. 'The de-* 
siret: pattern is tiaced on this surface and the wluU, enamel 
round the cemtour is scratched awav^ Uv means ol *\ point, so 
that a kind of gray silhouette was obtained, winch was once 
more burnt in. Afterward? the artist puts on more white 
enamel accoiding to the requirements of the SLVcial parts, 
and so magniheent plastic figures or designs are obtained. 

Amoim the most famous grisaille artists are the membeis 
rtf the Jamosin family: l^eonard Limosin 15/6), 

1/Conaid 11 . and Francois Llmo^in ('\.i>. ibgO); further, 
the Nouailhcis, \ 1 /.. Iberte Nouailher, Jaetjucs Nouailher 
(aj». tbyq.), Pieire 11 . Nouailher , again, Pierre Reymond 
15^4), Piene Coiiiteys, Noel and Nicolas Laudin 
(a.t). 16S >). 

A kind of enamel painting eoicasts in co\enng a copper 
[date with white enamel, and decor.iting if before branding 
wdth pulverised metallic oxides. After firing, pietuies are 
producer’ similar t<tt:hose ohtaiiud in faieme, usin-j a hotter 
tire. Painting on en-inud dee’''*’sed towards the end ol 
the sev enteenth eenturv, but acqiur'. d new \\i\ uiuler Louis 
XV. d he principal artists c^f tins ptiuti ao Aiibert, Liot, 
Launav, J. H. Wevler, the lingliNhinan Sike^ (1752), 
Chodow'ier kv, the famous (jraveui (a,i>. ILrlin), 

/incke of Dresden, Jeremias Meyei, fittm I ubingen 
(a. I), I jbq), and Collins iiom lA»ndon. 

Ln^u'iel painting in other count! ies atlords no special 
Sterns ot interest up to the eightLenih centui)'. 

In Italy the art flourish* d in Floiente, and is 
chata^ teiisi'^ bv a ^’pecial de^ign of vessel. In Clermaii) 
the once flouiishing art* d^xaved strongly bi Col(»gne, 
although we meet in the eigliteeiith century the note- 
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worthy works of the Augsburg and Nuiembcrg enamellers 
(collection in the Museum at the Green Vault in Dresden). 
As representatives of this period Melchior Dinglinger 
(a.d. 1731) from Ulm, Wenzel Jamnitzer (1508-] 58()) 
from Nuremberg^ Christof jamnitzer (i 563-1618), Hans 
Muelich or Mielick, and especially David Attemstetter 
from Augsburg, deserve mention. I'he enamel pictures 
are usually inferior to the French works. In Vienna 
worked Ph. H. Schindler from Dresden (1770), the 
Director of the Imperial Academy, who paino-d chiefly 
Tahaiihcn. Inhere may still be mentioned Jacob Bodmer 
from Nottingen (a.i>. 1829, at Vienna). 

In S))ain enamel painting .md art deveioj^ed under 
difficulties, while the English enamels attained liigh credit ; 
the enamel works at Battcrse.i, founded by the Frenchman 
Etienne rin^odore Jarnsen (1753), produced prominent 
works of art, eharaetcrised by their elegant design and 
the purity of their enamels and ornamentation. I'he 
English were the first to u^e the reprinting process for 
decorating purposes,* in lEitieisea, Wo^icester, and Stafford- 
shire. Fhe art of (man.clling experienced a new impetus 
in France alxnit the middle of the nineteenth ccntiiiv, at 
which time Augustine (a.o. 1832) deserves mention. 

'J hanks to the encroachment of tlu' national manufacture 
at Sevres, the half-forgotten art of Limoges lias been raised 
from the dead. Single artists of this period, such as 
Mc)er-niine, Paul Avisse, and Apoil, directly rendered 
eminent service. Apoil was the first to execjite real 
masterpieces of the enamelling art on an iron substratum. 

Among the more recent French representatives of the art 
are Christofle and P'alize, also 'Fhesmar and James Tissot. 

* t.. jVloIiiiiei, 1691, 
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